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Unit 1: Meaning of Climatology

1.0 Introduction

Climatology is the study of the long-term state thie atmosphere. Climatology is
fundamentally concerned with the weather and cknodita given area. Climatology examines
both the nature of micro (local) and macro (globallmates and the natural and

anthropogenic influences on them. The term clinmafdies an average or long term record of
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weather conditions at a certain region for at I&syears. It conveys a generalization of all
the recorded weather observations in a given aBganch of atmospheric science concerned
with describing climate and analyzing the caused practical consequences of climatic
differences and changes. Climatology treats theesatmospheric processes as meteorology
but it also seeks to identify slower-acting inflaes and longer-term changes, including the
circulation of the oceans, the concentrations ahospheric gases, and the small but

measurable variations in the intensity of solaraton.

Climate is the expected mean and variability of Wireather conditions for a particular
location, season, and time of day. The climatetsnodescribed in terms of the mean values
of meteorological variables such as temperaturegipitation, wind, humidity and cloud
cover. A complete description also includes theialglity of these quantities, and their
extreme values. The climate of a region often bgslar seasonal and diurnal variations, with
the climate for January being very different frdmattfor July at most locations. Climate also
exhibits significant year-to-year variability anohber-term changes on both a regional and

global basis.

2.0 AIMS AND OBJECTIVES

The aim and objective of this unit is to introdwiel expose student to the general knowledge
of climatology. It is believed that at the end bfstunit, you will be able to have better

understanding of;

1. Definition climatology
2. The relevance of study the climatology

3. The difference approaches to the study of climaiplo

3.0 MAIN CONTENT



3.1 The Relevance of the Study of Climatology

The goals of climatology are to provide a comprehendescription of the Earth's climate
over the range of geographic scales, to undersi@nfeatures in terms of fundamental
physical principles, and to develop models of thetlis climate for sensitivity studies and for

the prediction of future changes that may resolnfnatural and human causes

Climatology is not only concerned with the analysisclimate patterns and statistics (e.qg.
temperature, precipitation, atmospheric moistuteoapheric circulation and disturbances)
but also with seasonal to inter-annual climate allity, decadal to millennial climate
fluctuations, long-term changes in mean and vdighiharacteristics, climate extremes and
seasonality (Glantz, 2003). Climatology also adsissits subject matter on many spatial
scales, from the micro through the meso and syadptihe hemispheric and global. Further,
climatology works within a general systems’ paradight the heart of this is climate system
theory. This states that climate is the manifesitatif the interaction among the major climate
system components of the atmosphere of hydrosptigi@sphere, biosphere and land surface
and external forcing such as solar variability &mth term earth—sun geometry relationships.
It also recognises that humans are an integral oaemt of the climate system through their
ability to alter levels of atmospheric trace gagemajor goal of climatology is to understand
the flow of energy and matter and the feedbacksnamdlinear interactions between the main

components of the climate system and their assutidimate outcomes.

Science is said to be: ‘concerned either with aneoted body of demonstrated truths or with
observed facts systematically classified and morkess colligated by being brought under
general laws, and which includes trustworthy meshfmat the discovery of new truth within

its own domain.



Clearly, climatology falls within this definitionSome of the demonstrated truths that

underpin climatology as a science include:

(1) climate is non-stationary

(2) climate varies over a number of temporal aratiapscales

(3) major modes of atmospheric circulation existohhmay produce climate teleconnections

(4) climate is the long-term manifestation of théeraction between the atmosphere and the
earth’s surface and of processes arising from atheses that are internal and external to the

climate system

(5) the climate system responds non-linearly tohbaternal and external forcing and

regulates itself through positive and negative beet

(6) the climate of a location is influenced by Haance between large and local scale factors

(7) climate can be a determinant of, a resourcardra hazard to human activities

(8) human activities have the potential to influeisimate

3.2 Approaches to Study of Climatology

Climatology is approached in a variety of ways.

The first approach ipaleoclimatology. Paleoclimatology seeks to reconstruct past cksat

by examining records such as ice cores and trgs (olendroclimatology).

Paleoclimatologists seek to explain climate varet for all parts of the Earth during any
given geologic period, beginning with the time bé tEarth's formation. The basic research
data are drawn mainly from geology and paleobot@pgculative attempts at explanation

have come largely from astronomy, atmospheric @isysneteorology, and geophysics. The



study of ancient climates. Climate is the long-tezrpression of weather; in the modern
world, climate is most noticeably expressed in v&gen and soil types and characteristics of
the land surface. To study ancient climates, péileatologists must be familiar with various
disciplines of geology, such as sedimentology amégnotology,( Scientific study of life of
the geologic past, involving analysis of plant amimal fossils preserved in rocks) and with

climate dynamics, which includes aspects of gedgramd atmospheric and oceanic physics.

The second approach is thaleotempestology:Paleotempestology uses these same records
to help determine hurricane frequency over millanfihe study of contemporary climates
incorporates meteorological data accumulated ovamynyears, such as records of rainfall,
temperature and atmospheric composition. Knowlaxfghe atmosphere and its dynamics is
also embodied in models, either statistical or mmaudtical, which help by integrating
different observations and testing how they fitetibgr. Modelling is used for understanding

past, present and potential future climates.

The third approach is historical climatology:

Historical climatology is the study of climate adated to human history and thus focuses

only on the last few thousand years.

4.0 CONCLUSION

Global climate changes are threatening the balahadimatic conditions under which life
evolved and is sustained. Temperatures are risitiggviolet radiation is increasing at the
surface and pollutant levels are increasing. Mamythese changes can be traced to
industrialization, deforestation and other activities of a human population thatitself
increasing at a very rapid rate. Climatology todaybraces the study of all these

characteristics, components, interactions and f&adb



5.0 SUMMARY

In this unit, you learnt what climatology and diat approaches to the study of climatology
are all about. The three main approaches to thy sticlimatology are discussed. These are

paleoclimatology, paleotempestology and historatiahatology.

6.0 TUTOR- MARKED ASSIGNMENT

1. What is climatology?

2. With relevance example, explain the differgmiraaches to the study of climatology

7.0 REFERENCES/FURTHER READINGS

Ayoade, J.O. (2004).Introduction to Climatology fihe Tropics. Ibadan: Spectrum Books

Limited.

Donald Ahren C. (1994). Meteorology Today. An Inluction to Weather, Climate and the

Environment (5th ed). U.S.A: West Publishing Compan
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UNIT 2: SCOPE OF CLIMATOLOGY

1.0 INTRODUCTION

Climatology has made enormous contributions towagdsuring that we have a good
understanding and control of these processes. Bather of a place refers to the atmospheric
condition at a given point in time. Climate on titber hand is the synthesis of the weather of
a place over a period of about 35 years. Climatotefers to the scientific study of climate. It
is closely related to meteorology which is the sceeof the physical, chemical and dynamic
state of the atmosphere. However, meteorology dedls the study of the weather while

climatology is concerned with the climate.



Temperature is undoubtedly the most important diecrelement. The temperature of an area
is dependent upon latitude or the distributionmmioiming and outgoing radiation; the nature
of the surface (land or water); the altitude; ahd prevailing winds. The air temperature
normally used in climatology is that recorded & $lurface. Moisture, or the lack of moisture,
modifies temperature. The more moisture in a redioa smaller the temperature range, and
the drier the region, the greater the temperataregge. Moisture is also influenced by
temperature. Warmer air can hold more moisture ttean cooler air, resulting in increased

evaporation and a higher probability of clouds pretipitation.

Moisture, when coupled with condensation and ewpo, is an extremely important

climatic element. It ultimately determines the tygelimate for a specific region.

Precipitation is the second most important climatement. In most studies, precipitation is
defined as water reaching Earth’s surface by fgéither in a liquid or a solid state. The most
significant forms are rain and snow. Precipitatitas a wide range of variability over the

Earth’s surface. Because of this variability, agen series of observations is generally
required to establish a mean or an average. Tvioissamay have the same amount of annual
precipitation, but it could occur in different mbstor on different days during these months,

or the intensity could vary.

Therefore, it often becomes necessary to includb factors as average number of days with
precipitation and average amount per day. Pretipitds expressed in most studies in the

United States in inches, but throughout the rest@fvorld, millimeters are normally used.

Since precipitation amounts are directly associatgd amount and type of clouds, cloud
cover must also be considered with precipitatiofou@ climatology also includes such

phenomena as fog and thunderstorms.
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Wind is the climatic element that transports hewt moisture into a region. The climate of an
area is often determined by the properties of teatpee and moisture that are found

upstream of that region.

Climatologists are mostly interested in wind wiggard to its direction, speed, and gustiness.
Wind is therefore usually discussed in terms ofvalleng direction, average speeds, and
maximum gusts. Some climatological studies use lteguwind, which is the vectorial

average of all wind directions and speeds for amievel, at a specific place, and for a given

period.

2.0 AIMS AND OBJECTIVES

1. Define climate and state the various aspeclimi&atology

2. To examine the study of climatology as it redateother sciences such as ecology.

3. To understand climatology and changes resultorg human influence

3.0 MAIN CONTENT

3.1 Types of Climatology

Climate is the average or collective state of Earttmosphere at any given location or area
over a long period of time. While weather is thengotal of the atmosphere’s variables for a
relatively short period of time, the climate of area is determined over periods of many
years and represents the general weather chasticerof an area or locality. The term

climate applies to specific regions and is theretughly geographical.

Climatology is the scientific study of climate amsl a major branch of meteorology.
Climatology is the tool that is used to developglwange forecasts. There are three principal

areas to the study of climatology: physical, dggore, and dynamic.
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Physical Climatology

The physical climatology approach seeks to explandifferences in climate in light of the
physical processes influencing climate and the gsses producing the various kinds of
physical climates, such as marine, desert, and tamunPhysical climatology deals with

explanations of climate rather than with preseaieti

Descriptive Climatology

Descriptive climatology typically orients itself iterms of geographic regions; it is often
referred to as regional climatology. A descriptafrthe various types of climates is made on
the basis of analyzed statistics from a particataa. A further attempt is made to describe the
interaction of weather and climatic elements uptwe fpeople and the areas under
consideration. Descriptive climatology is preserttgd/erbal and graphic description without

going into causes and theory.

Dynamic Climatology

Dynamic climatology attempts to relate charactessof the general circulation of the entire
atmosphere to the climate. Dynamic climatologydediby the theoretical meteorologist and

addresses dynamic and thermodynamic effects.

3.2  Climatology as Related to Other Sciences

Three prefixes can be added to the word climatotoggenote scale or magnitude. They are
micro, meso, and macro and indicate small, mediamad, large scales, respectively. These

terms (micro, meso, and macro) are also appliedei@orology.

Microclimatology
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Microclimatologic al studies often measure sma#llscontrasts, such as between hilltop and
valley or between city and surrounding country. ingay be of an extremely small scale,
such as one side of a hedge contrasted with thex,@tploughed furrow versus level soil, or
opposite leaf surfaces. Climate in the micro scady be effectively modified by relatively

simple human efforts.

Mesoclimatology

Mesoclimatology embraces a rather indistinct midgtieund between macroclimatology and
microclimatology. The areas are smaller than thadsemacroclimatology are and larger than
those of microclimatology, and they may or may bet climatically representative of a

general region.

Macroclimatology

Macroclimatology is the study of the large-scaleneke of a large area or country. Climate of
this type is not easily modified by human effort@wever, continued pollution of the Earth,

its streams, rivers, and atmosphere, can eventnalke these modifications.

Climate has become increasingly important in otlseientific fields. Geographers,
hydrologists, and oceanographers use quantitateesuores of climate to describe or analyze
the influence of our atmospheric environment. Ctangassification has developed primarily
in the field of geography. The basic role of thenasphere in the hydrologic cycle is an
essential part of the study of hydrology. Both amd water measurements are required to
understand the energy exchange between air and ¢oeat budget) as examined in the study

of oceanography.

Ecology
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Ecology is the study of the mutual relationshipwestn organisms and their environment.
Ecology is briefly mentioned here because the enwrent of living organisms is directly
affected by weather and climate, including thosanges in climate that are gradually being

made by man.

During our growing years as a nation, our interieeewith nature by diverting and damming
rivers, clearing its lands, stripping its soilsdatarring its landscape has produced changes in
climate. These changes have been on the micro @& i$cale and possibly even on the

macro scale.

3.3 Climatology and Changes Resulting from Human Ifiluence

Climatology, once the study of ‘average weathedwnencompasses the atmosphere,
hydrosphere, cryosphere, land surface and biospMerdern climatology includes not only
these components but importantly their interactiomeolving detailed global observing
systems and complex computer-based numerical mdéetple’s interest in climatology has
been and is likely to continue to be concerned vgttial issues of habitability and

sustainability.

Climatologists tend to evaluate climate in persdeahs: Is it too hot or too cold? Is the air
pleasant to breathe? Is there enough water fokidgnand for growing crops? Does it feel
comfortable? These characteristics are interdepgntegether forming the climate system
and posing a larger question: Can this planet coatio sustain life? Today, the atmosphere
is undergoing global changes unprecedented in humséory and, although changes as large
as those that we are witnessing have occurredangdological past, relatively few have
happened with the speed which also characterizizs/'® climate changes. Concentrations of
greenhouse gases are increasing, stratospherice dgoheing depleted and the changing

chemical composition of the atmosphere is reducdtagability to cleanse itself through
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oxidation. These global changes are threateningbtiance of climatic conditions under
which life evolved and is sustained. Temperaturegiaing, ultraviolet radiation is increasing
at the surface and pollutant levels are increaditgny of these changes can be traced to
industrialization, deforestation and other actestiof a human population that is itself
increasing at a very rapid rate. Climatology todaybraces the study of all these

characteristics, components, interactions and &adb

Global climate system changes resulting from hurrdluence have been described as
‘climatological catastrophes’. They are slow to elep and, therefore, may not become
apparent until their effects have become dangeyocadVanced. The iconic example of a
modern ‘climatological catastrophe’ is the 1985 tiBn discovery of declining ozone

abundance over the Antarctic station of Halley BRgsearch showed that the so-called
Antarctic ozone hole had been increasing in dejpiteshe late 1970s and today stratospheric
ozone concentrations at the South Pole in sprirgjofé2r) are less than half of their values

only 30 years ago

Climatology is concerned with the study of chemicladnges and with the radiative balance
of the earth. Trace gases emanating from humaniteegi today equal, and perhaps even

exceed, emissions from natural sources

Some, the greenhouse gases which absorb infradeatiom (water vapour, carbon dioxide,

ozone, methane, nitrous oxide and the chlorofluanmens (CFCs)), play a major role in the
earth’s energy budget and climate through the ¢reese effect. The earth’s radiative budget
is controlled by the amount of incident solar réidia that is absorbed by the planet and by
the thermal absorptivity of the gases in the atrhesp which controls the balancing emitted

infrared radiation.
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Radiation from the sun drives the climate of theheand, indeed, of the other planets. Solar
radiation is absorbed and, over the mean annué,ayis absorption is balanced by radiation
emitted from the earth. This global radiative banwhich is a function of the surface and

atmospheric characteristics, of the earth’s orlgjegimetry and of solar radiation

itself, controls the habitability of the earth, me@mperatures, the existence of water in its
three phase states. These characteristics, togsitiethe effects of the rotation of the earth

on its axis, determine the dynamics of the atmosphed ocean, and the development and
persistence of snow and ice masses. Over verytiorggscales, those commensurate with the
lifetime of the earth, astronomical, geological dnological processes control persistence of

ice caps and glaciers; the biota; rock structunesgiobal geochemical cycling.

There are two different and complementary time &arof importance in climatology. The
first is the evolutionary time-scale which contrthe very long-term aspects of the climate
components and those factors which force it sucth@gphysics and chemistry of the planet
itself and the luminosity of the sun. Viewed insthime frame, the earth’s climate is prey to
the forces of astro and geophysics. Within thisyuMeng time-scale it is possible to take a
‘snapshot’ view of the climate system and, in tigjgasi-instantaneous’ view, the shortest
timescale processes are most evident. Of thesemib& important are the latitudinal
distribution of absorbed solar radiation (largéoat latitudes and much less near the poles) as
compared to the emitted thermal infrared radiatidrmch is roughly the same at all latitudes.
This latitudinal imbalance of net radiation for th@rface-plus-atmosphere system as a whole
(positive in low latitudes and negative in highatitbdes) combined with the effect of the
earth’s rotation on its axis produces the dynamigaulation system of the atmosphere. The
latitudinal radiative imbalance tends to warm alrief rises in equatorial regions and would
sink in Polar Regions were it not for the rotatadrihe earth. The westerly waves in the upper

troposphere in mid-latitudes and the associated aigl low pressure systems are the product
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of planetary rotation affecting the thermally-dmvetmospheric circulation. The overall
atmospheric circulation pattern comprises thermdiligct cells in low latitudes, strong waves
in the mid-latitudes and weak direct cells in Pdkagions. This circulation, combined with
the vertical distribution of temperature, repred@etmajor aspects of the atmospheric climate
system. The state of the climate system at any iSndetermined by the forcings acting upon
it and the complex and interlocking internal feezksathat these forcings prompt. In the
broadest sense, a feedback occurs when a portithre @iutput from an action is added to the
input so that the output is further modified. Thesult of such a loop system can either be
amplification (a positive feedback) of the processa dampening (a negative feedback):
positive feedbacks enhance a perturbation wheregatine feedbacks oppose the original
disturbance. If some external perturbation, sajnarease in solar luminosity, acts to increase
the global surface temperature then snow and itlemveit and their overall areas reduce in
extent. These cryospheric elements are right anteite. their albedo, the ratio of reflected
to incident radiation, is high), reflecting almadtthe solar radiation incident upon them. The
surface albedo, and probably the planetary alb#u® reflectivity of the whole atmosphere
plus surface system as seen from ‘outside’ thegb)awill decrease as the snow and ice areas
reduce. As a consequence, a smaller amount of salation will be reflected away from the
planet and more absorbed so that temperaturesneikase further. A further decrease in
snow and ice results from this increased tempexand the process continues. This positive
climate feedback mechanism is known as the icedalbieedback mechanism. Paleo-
reconstructions of the earth’s climate system,i@agrly from the most recent record over
the past 100 000 years, indicate that climate dmésespond to forcing in a smooth and

gradual way.

Instead, responses can be rapid, and sometimemtisoous, especially in the case of warm

forcing.
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If this is correct, a lesson we might learn frone thast is that a possible response of the
climate system to human-induced greenhouse gad-bpilcould come in ‘jJumps’ whose

timing and magnitude are very hard, perhaps imptessio predict. Another message is that
climate models, with which we hope to predict fetatimates, must be able to capture such

paleoclimate records, particularly apparent disooities

Although we cannot as yet predict future climatatag states, we often behave as if we can.
Policy development, business, financial and eversgaal decisions are made every day
around the world as if we knew what climates pewpleface in the future. While local-scale

climatic dependencies may seem rather weak, tecgp@nd engineering, international trade
and aid, food and water resources are likely tobmcincreasingly dependent on, and even
an integral part of, the climate system. This & hason for the development of international
conventions and treaties designed to try to prdteetclimate, in particular, the Montreal

Protocol which aims to reduce the substances #jalete stratospheric ozone and the Kyoto

Protocol which is intended to reduce human contidims to the global greenhouse gas

4.0 CONCLUSION

The study of climatology is fundamentally concermweith the weather and climate of any
given area. Essentially, environmental scientisés iaterested in the processes which take
place in the atmosphere because the processed #fiecvarious components of the

environment.

5.0 SUMMARY

The state of the climate system at any time isrdeteed by the forcings acting upon it and
the complex and interlocking internal feedbacks thase forcings prompt. In the broadest
sense, a feedback occurs when a portion of theubfrtpm an action is added to the input so

that the output is further modified. Although wennat as yet predict future climatological
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states, we often behave as if we can. Policy dewedmt, business, financial and even
personal decisions are made every day around tHd a®if we knew what climates people
will face in the future. While local-scale climatiependencies may

seem rather weak, technology and engineering natenal trade and aid, food and water
resources are likely to become increasingly depanale, and even an integral part of, the

climate system.

6.0 TUTOR- MARKED ASSIGNMENT

1. What type of climatology is typically orientenld geographic region?

2. What type of climatology applies to a smalleaseich as a ploughed field?

7.0 REFERENCES/FURTHER READINGS
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UNIT 3: INTRODUCTION TO TROPICAL CLIMATOLOGY

1.0 INTRODUCTION

A tropical climate is a kind of climate typical the tropics. Képpen's widely-recognized
scheme of climate classification defines it as a-and climate in which all twelve months
have mean temperatures above 64.4 °F (18.0 °®).rétferred to that climate which is very
hot and humid with heavy rains sometimes. TropiCéimatology aims to provide a
geographical viewpoint on the physical processeshi tropical atmosphere: to offer
explanations of how a location's climate is a poddchf these processes and to highlight the
implications of tropical atmospheric behaviour asiuinate change for those living in the
tropics. The scientific study of climate, is notynoncerned with explaining why a location's

or region's climate is like it is but also with debing the nature and availability of the
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climate resource for a wide range of human ac#sitirhis subject is of great relevance to the
tropics as climate in many ways controls the livaasd economic activities of the
approximately 2400 million people living in tropiceegions. Tropical climates also have
effects that reach far beyond the limits of theiorg where they actually prevail: the global
general circulation is largely driven by the expoftconsiderable amounts of heat energy
from tropical to extratropical latitudes: a largartpof all atmospheric water content originates
from the tropics, and intermittent tropical phenomelike ElI Nino Southern Oscillation
(ENSO), not only influence the climates over extemgropical areas but many parts of the
extratropics. The climate sensitivity of populagoand economic production in the tropics
also makes these regions especially vulnerableyonagative impacts arising from human-
induced climate change. Tropical Climatology aimtovide a geographical viewpoint on
the physical processes in the tropical atmosphereffer explanations of how a location's
climate is a product of these processes and toligighthe implications of tropical

atmospheric behaviour and climate change for thesg in the tropics.

2.0 AIMS AND OBJECTIVES

1. State the various indices of climate in Tropic

2. To explain the climatic model

3.0 MAIN CONTENT

3.1 INDICES OF CLIMATE IN TROPIC

Scientists use climate indices based on severalat® patterns (known as modes of
variability) in their attempt to characterize anddaerstand the various climate mechanisms
that culminate in our daily weather. Climate indicare used to represent the essential

elements of climate. Climate indices are generdiyised with the twin objectives of
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simplicity and completeness, and each index tyjyicapresents the status and timing of the
climate factor it represents. By their very natureices are simple, and combine many
details into a generalized, overall descriptiomhaf atmosphere or ocean which can be used to

characterize the factors which impact the globahate system.

The first index is

El Nifio - Southern Oscillation

El Nifio-Southern Oscillation (ENSO) is a global ptad ocean-atmosphere phenomenon.
The Pacific Ocean signatures, El Nifio and La Nifaimportant temperature fluctuations in
surface waters of the tropical Eastern Pacific @c&ae name El Nifio, from the Spanish for
“the little boy", refers to the Christ Child becaufie phenomenon is usually noticed around
Christmas time in the Pacific Ocean off the westst@f South America. La Nifia means "the
little girl". Their effect on climate in the subpis and the tropics are profound. The
atmospheric signature, the Southern Oscillation)($€llects the monthly or seasonal
fluctuations in the air pressure difference betwdeiti and Darwin. The most recent

occurrence of El Nifio started in September 2006lasteéd until early 2007.

ENSO is a set of interacting parts of a single glafystem of coupled ocean-atmosphere
climate fluctuations that come about as a consemuehoceanic and atmospheric circulation.
ENSO is the most prominent known source of interuah variability in weather and climate

around the world. The cycle occurs every two toeseyears, with El Nifio lasting nine

months to two years within the longer term cycheugh not all areas globally are affected.
ENSO has signatures in the Pacific, Atlantic andidn Oceans. El Nifio causes weather
patterns which cause it to rain in specific plalsesnot in others, this is one of many causes

for the drought.
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In the Pacific, during major warm events, El Nifiarming extends over much of the tropical
Pacific and becomes clearly linked to the SO intgngVhile ENSO events are basically in
phase between the Pacific and Indian Oceans, EN8fisin the Atlantic Ocean lag behind
those in the Pacific by 12 to 18 months. Many @& tountries affected by ENSO events are
developing countries within tropical sections ohtinents with economies that are largely
dependent upon their agricultural and fishery gects a major source of food supply,
employment, and foreign exchange. New capabiltbgsredict the onset of ENSO events in
the three oceans can have global socio-economi@adtap While ENSO is a global and
natural part of the Earth's climate, whether itemsity or frequency may change as a result of
global warming is an important concern. Low-frequenrariability has been evidenced: the
quasi-decadal oscillation (QDO). Inter-decadal (fdulation of ENSO (from PDO or IPO)

might exist. This could explain the so-called proted ENSO of the early 1990s.

Madden-Julian Oscillation

The Madden-Julian Oscillation (MJO) is an equatdravelling pattern of anomalous rainfall
that is planetary in scale. It is characterizedahyeastward progression of large regions of
both enhanced and suppressed tropical rainfalergbd mainly over the Indian Ocean and
Pacific Ocean . The anomalous rainfall is usuatht evident over the western Indian Ocean,
and remains evident as it propagates over the waryn ocean waters of the western and
central tropical Pacific. This pattern of tropicedinfall then generally becomes very
nondescript as it moves over the cooler ocean watiethe eastern Pacific but reappears over
the tropical Atlantic and Indian Ocean. The wet gghaof enhanced convection and
precipitation is followed by a dry phase where a@wiion is suppressed. Each cycle lasts
approximately 30-60 days. The MJO is also knowthas30-60 day oscillation, 30-60 day

wave, or intraseasonal oscillation.

23



North Atlantic Oscillation (NAO)

Indices of the NAO are based on the difference @imalized sea level pressure (SLP)
between Ponta Delgada, Azores and StykkisholmuKkjaeik, Iceland. The SLP anomalies at
each station were normalized by division of eadsseal mean pressure by the long-term
mean (1865-1984) standard deviation. Normalizat®owlone to avoid the series of being
dominated by the greater variability of the northef the two stations. Positive values of the

index indicate stronger-than-average westerlies theemiddle latitudes.

Northern Annular Mode (NAM) or Arctic OscillatioAQ)

The NAM, or AQ, is defined as the first EOF of r@in hemisphere winter SLP data from
the tropics and subtropics. It explains 23% ofdiaerage winter (December-March) variance,
and it is dominated by the NAO structure in theaftic. Although there are some subtle
differences from the regional pattern over the wita and Arctic, the main difference is

larger amplitude anomalies over the North Pacifithe same sign as those over the Atlantic.

This feature gives the NAM a more annular (or zlynrgymmetric) structure

Northern Pacific (NP) Index

The NP Index is the area-weighted sea level pressear the region 30N-65N, 160E-140W

Pacific Decadal Oscillation (PDO)

The PDO is a pattern of Pacific Climate variabihiyt shifts phases on at least inter-decadal
time scale, usually about 20 to 30 years. The P®detected as warm or cool surface waters
in the Pacific Ocean, north of 20° N. During a "mdy or "positive”, phase, the west Pacific
becomes cool and part of the eastern ocean wanmisigda "cool" or "negative" phase, the
opposite pattern occurs. The mechanism by whiclp#teern lasts over several years has not

been identified; one suggestion is that a thindafevarm water during summer may shield
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deeper cold waters. A PDO signal has been recatsttuto 1661 through tree-ring

chronologies in the Baja California area.

Interdecadal Pacific Oscillation (IPO)

The Interdecadal Pacific Oscillation (IPO or IDpplay similar Sea Surface Temperature
(SST) and sea level pressure patterns to the POi@,ancycle of 15-30 years, but affects
both the north and south Pacific. In the tropicatific, maximum SST anomalies are found
away from the equator. This is quite different frtdme quasi-decadal oscillation (QDO) with
a period of 8-t0-12 years and maximum SST anomadieaddling the equator, thus

resembling ENSO.

3.2 CLIMATE MODELS

Climate models use quantitative methods to simullaée interactions of the atmosphere,
oceans, land surface, and ice. They are used iariaty of purposes from study of the
dynamics of the weather and climate system to ptiojes of future climate. All climate
models balance, or very nearly balance, incomingrggnas short wave (including visible)
electromagnetic radiation to the earth with outgoienergy as long wave (infrared)
electromagnetic radiation from the earth. Any uahaé results in a change in the average

temperature of the earth.

The most talked-about models of recent years hasen lthose relating temperature to
emissions of carbon dioxide (see greenhouse gagsermodels predict an upward trend in
the surface temperature record, as well as a napi rincrease in temperature at higher

altitudes.

Models can range from relatively simple to quitenpdex:
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A simple radiant heat transfer model that treats ¢larth as a single point and averages

outgoing energy

This can be expanded vertically (radiative-conwecthodels), or horizontally

Finally, (coupled) atmosphere—ocean—sea ice gldiahte models discretise and solve the

full equations for mass and energy transfer anchna@xchange.

4.0 CONCLUSION

5.0 SUMMARY

6.0 TUTOR- MARKED ASSIGNMENT

1. List and explain the indices of climate in trcgdipart of the world

2. What do you understand by climate modelling?

7.0 REFERENCES/FURTHER READINGS
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UNIT 4: TROPICAL CYCLONES

1.0 Introduction

A tropical cyclone is composed of a system of tlaratbrms that shows a cyclonic rotation

around a central core or eye. tPopical cycloneis a generic term for a storm with an

organized system of thunderstorms that are notthase@ frontal system.

Each individual tropical cyclone differs, but sealecharacteristics are common to most all
tropical cyclones including a central low-pressmome and high wind speeds of at least 34
knots. At this point, the storms are given a preeeined storm name. Most storms are
accompanied by a lot of rain and storm surges tieashore. Often, once the storms make

landfall, the tropical cyclone can cause tornadoes.
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A tropical cyclone needs warm ocean temperaturesrdier to form. Temperatures in the
ocean need to be at least 82 degrees Fahrentmideén to form. Heat is drawn up from the
oceans creating what is popularly called a 'hegineh Tall convective towers of clouds are
formed within the storm as warm ocean water evapsras the air rises higher it cools and
condenses releasing latent heat which causes emenatouds to form and feed the storm.

2.0 AIMS AND OBJECTIVES

1. To examine the difference between “hurricaneyctone” and “typhoon

2. State the different between tropical cyclone$\aimd speed

3. Requirements for Tropical Cyclone Formation

Rotation and Forward Speed

The rotation of tropical cyclones in the Northerariisphere is counter-clockwise due to the
Coriolis Effect. The opposite is true in the Southidemisphere.

The forward speed of a tropical cyclone can bectofan determining the amount of damage
the storm will cause. If a storm remains over oreador a long period of time, torrential
rains, high winds, and flooding can severely imgattarea. The average forward speed of a
tropical cyclone is dependent on the latitude whbkeestorm is currently. Generally, at less
than 30 degrees of latitude, the storms will mavakeut 20 mph on average. The closer the
storm is located the equator, the slower the mowengome storms will even stall out over
an area for an extended period of time. After al3&utlegrees North latitude, the storms start
to pick up speed.

A good example of the fast formation of tropicatlones comes when several storms stack
up in the ocean back-to-back. Such an example meatum 2009 with the formation of Ana,
Bill, and Claudette as seen in this satellite imades storms were very close to one another.
Storms can also become entangle with one another pnocess known as the Fujiwhara

Effect where tropical cyclones can interact witkleather.
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Hurricanes, cyclones and typhoons are tropicalornyed with maximum sustained wind speed
exceeding 119 km/h near their centres, and eveay fgsponsible of thousands of victims.
Although loss of lives from tropical cyclones hagngicantly decreased over the last
decades, economic losses have increased subdyarited decrease in fatalities is, at a large
extent, attributed to the improvement in the trapicyclones forecasting and early warning
systems. The World Meteorological Organization (WMDopical Cyclone Programme is
aimed to establish national and regionally coor@idaystems to ensure that the loss of lives
and damage caused by tropical cyclones are redaaechinimum.
3.1 The Difference between “Hurricane”, “Cyclone” and “Typhoon”?
"Hurricane”, "cyclone" and "typhoon" are differeetms for the same weather phenomenon
which is accompanied by torrential rain and maximsustained wind speeds (near centre)
exceeding 119 kilometers per hour:

In the western North Atlantic, central and eastéonth Pacific, Caribbean Sea and
Gulf of Mexico, such a weather phenomenon is cdledgricanes”.

In the western North Pacific, it is called "typhatn

In the Bay of Bengal and Arabian Sea, it is callegtlones”.

In western South Pacific and southeast India Odeancalled “severe tropical
cyclones.”

In the southwest India Ocean, it is called “tr@pbicyclones.”
Times of formation
.Worldwide, tropical cyclone activity peaks in laseammer when water temperatures are
warmest. Each basin, however, has its own seagatigns. On a worldwide scale, May is
the least active month, while September is the mactitre. This can be explained by the

greater tropical cyclone activity across the Namhgemisphere than south of the equator
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In the North Atlantic, a distinct hurricane seasmcurs from June 1 through November 30,
sharply peaking from late August through Octobdre Btatistical peak of the North Atlantic

hurricane season is September 10. The NortheasicHeas a broader period of activity, but

in a similar time frame to the Atlantic. The Nortbst Pacific sees tropical cyclones year-
round, with a minimum in February and a peak inye@eptember. In the North Indian basin,
storms are most common from April to December, \pithks in May and November.

In the Southern Hemisphere, tropical cyclone astihegins in early November and

depending on the country ends on either April 30Mary 15. Southern Hemisphere activity
peaks in mid-February to early March virtually #tle Southern Hemisphere activity is seen
from the southern African coast eastward towardsttsémerica. Tropical cyclones are rare
events across the South Atlantic Ocean and thésgagtern Pacific Ocean

3.2 Different between Tropical Cyclones and Wind Sged

Depending on the maximum sustained wind speedicabpyclones will be designated as
follows:

It is a tropical depression when the maximum sosthwind speed is less than 63
km/h.

It is a tropical storm when the maximum sustain@uvgpeed is more than 63 km/h.

It is then also given a name.

Depending on the ocean basins, it is designatearacane, typhoon, severe tropical
cyclone, severe cyclonic storm or tropical cyclevieen the maximum sustained wind speed
is more than 119 km/h.

Tropical cyclones can be hundreds of kilometersevadd can bring destructive high winds,
torrential rain, storm surge and occasionally tdoes. According to the Saffir-Simpson

Hurricane Wind Scale, the hurricane strength vdrms Category 1 to 5:
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Category 1 hurricane is referring to the hurriceith maximum sustained wind
speeds of 119-153 km/h.

Category 2 hurricane is referring to the hurricesith maximum sustained wind
speeds of 154-177 km/h.

Category 3 hurricane is referring to the hurriceith maximum sustained wind
speeds of 178-209 km/h.

Category 4 hurricane is referring to the hurriceith maximum sustained wind
speeds of 210-249 km/h.

Category 5 hurricane is referring to the hurriceith maximum sustained wind
speeds exceeding 249 km/h.
The impact of a tropical cyclone and the expecttiabe depend not just on wind speed, but
also on factors such as the moving speed, durafictrong wind and accumulated rainfall
during and after landfall, sudden change of mowirgction and intensity, the structure (e.g.
size and intensity) of the tropical cyclone, aslvea human response to tropical cyclone
disasters.
How to Tropical Predict Cyclones
Since 1984, Colorado State University has beenngseasonal tropical cyclone forecasts for
the north Atlantic basin, with results that aretéethan climatology. The university has found
several statistical relationships for this basiat tppear to allow long range prediction of the
number of tropical cyclones. Since then, numerahers have followed in the university's
steps, with some organizations issuing seasonatsts for the northwest Pacific and the
Australian region. The predictors are related tgiaeal oscillations in the global climate
system: the Walker circulation which is relatedhe El Nifio-Southern Oscillation; the North
Atlantic oscillation or NAO; the Arctic oscillationr AO; and the Pacific North American

pattern or PNA
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Meteorologists around the world use modern techgyosuch as satellites, weather radars and
computers etc. to track tropical cyclones as theyetbp. Tropical cyclones are often difficult
to predict, as they can suddenly weaken or chamgje ¢ourse. However, meteorologists use
state-of-art technologies and develop modern tegcias such as numerical weather prediction
models to predict how a tropical cyclone evolvegluding its movement and change of
intensity; when and where one will hit land andwditat speed. Official warnings are then
issued by the National Meteorological Serviceshefd¢ountries concerned.

The WMO framework allows the timely and widespregsemination of information about
tropical cyclones. As a result of international gexation and coordination, tropical cyclones
are increasingly being monitored from their earggges of formation. The activities are
coordinated at the global and regional levels by @/Mrough its World Weather Watch and
Tropical Cyclone Programmes. The Regional Speedliketeorological Centers with the
activity specialization in tropical cyclones, andopical Cyclone Warning Centres, all
designated by WMO, are functioning within the Origation’s Tropical Cyclone Programme.
Their role is to detect, monitor, track and forécal$ tropical cyclones in their respective
regions. The Centres provide, in real-time, adyisoformation and guidance to the National
Meteorological Services.

Where did tropical cyclones occur recently?

Between 1886 and 1998, out of the 566 Atlantic ibarres in the Atlantic, twenty two have
grown as strong as to become Category 5 hurricamtesmaximum sustained wind speeds
exceeding 249 km/h. The worst recent tropical ayetinclude Hurricane Mitch (Honduras)
in 1998, Hurricane Katrina (USA) in 2005 and mostantly hurricane Gustav (Haiti) in
2008, and severe cyclone Nargis (Myanmar) in 2008.

In 2008, a total of sixteen named tropical cyclofmsned in the Atlantic including eight

hurricanes, five of which were major hurricanesCattegory 3 or higher on the Saffir-
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Simpson Hurricane Scale. These numbers are wellealhe long-term averages of 11, 6, and
2 respectively. The 2008 Atlantic hurricane seas@s devastating, with casualties and
widespread destruction in the Caribbean, Centraéica and the United States of America.
For the first time on record, six consecutive toapicyclones (Dolly, Edouard, Fay, Gustav,
Hanna and lke) made landfall on the United StateAroerica, and two major hurricanes
(Gustav and Ike) hit Cuba.

In the East Pacific, sixteen named tropical cyctomere recorded in 2008, of which seven
evolved into hurricanes and two of them into mé&jorricanes at Category 3 or higher. In the
Western North Pacific, twenty two named tropicatlopes were recorded in 2008, ten of
which were classified as typhoons compared to ong-term average of twenty seven and
fourteen, respectively.

As of early November 2009, the hurricane seasahenAtlantic counts nine named tropical
cyclones, of which three became hurricanes. Thesebers are well below the long term
average of tropical cyclones in the region.

The Western North Pacific has been hit several dinme September - October 2009 by
numerous typhoons such as Ketsana, Parma, LupMairthe, causing many casualties.

3.3 Requirements for Tropical Cyclone Formation

There are six main requirements for tropical cyeloggis: sufficiently warm sea surface
temperatures, atmospheric instability, high humgidit the lower to middle levels of the
troposphere, enough Coriolis force to sustain a pogssure center, a preexisting low level
focus or disturbance, and low vertical wind sh&ghile these conditions are necessary for
tropical cyclone formation, they do not guarantes & tropical cyclone will form.

Warm waters, instability, and mid-level moisture

Waves in the trade winds in the Atlantic Ocean—suaaconverging winds that move slowly

along the same track as the prevailing wind—creatbilities in the atmosphere that may
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lead to the formation of hurricanes. Normally, atean temperature of 26.5°C (79.7°F)
spanning through at least a 50-metre depth is deresil the minimum to maintain the special
mesocyclone that is the tropical cyclone. Thesenwaaters are needed to maintain the warm
core that fuels tropical systems. This value id abve 16.1 °C (60.9 °F), the global average
surface temperature of the oce&hddowever, this requirement can be considered only a
general baseline because it assumes that the amabieospheric environment surrounding an
area of disturbed weather presents average comslitio

Tropical cyclones are known to form even when nércoaditions are not met. For example,
cooler air temperatures at a higher altitude (@gthe 500 hPa level, or 5.9 km) can lead to
tropical cyclogenesis at lower water temperatuassa certain lapse rate is required to force
the atmosphere to be unstable enough for convedtiaa moist atmosphere, this lapse rate is
6.5 °C/km, while in an atmosphere with less tha@%G@elative humidity, the required lapse
rate is 9.8 °C/km.

At the 500 hPa level, the air temperature averagé€ (18 °F) within the tropics, but air in
the tropics is normally dry at this level, givingetair room to wet-bulb, or cool as it moistens,
to a more favorable temperature that can then stigpavection. A wetbulb temperature at
500 hPa in a tropical atmosphere of -13.2 °C islired to initiate convection if the water
temperature is 26.5°C, and this temperature remént increases or decreases
proportionally by 1 °C in the sea surface tempeeafar each 1 °C change at 500 hpa. Under
a cold cyclone, 500 hPa temperatures can fall\asak-30 °C, which can initiate convection
even in the driest atmospheres. This also exphaimg moisture in the mid-levels of the
troposphere, roughly at the 500 hPa level, is nbyma requirement for development.
However, when dry air is found at the same heitgmperatures at 500 hPa need to be even
colder as dry atmospheres require a greater lateefar instability than moist atmospheres.

At heights near the tropopause, the 30-year avaeegperature (as measured in the period
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encompassing 1961 through 1990) was -77 °C (-132AFrecent example of a tropical
cyclone that maintained itself over cooler wateesiEpsilon of the 2005 Atlantic hurricane
season

4.0 CONCLUSION

Tropical cyclones can last for a week or more;dfege there can be more than one cyclone at
a time. Weather forecasters give each tropicaloryeckl name to avoid confusion. Each year,
tropical cyclones receive names in alphabeticaleordVomen and men's names are
alternated. The name list is proposed by the Naltidvieteorological and Hydrological
Services (NMHSs) of WMO Members of a specific regiand approved by the respective
tropical cyclone regional bodies at their annuadimmual sessions. Nations in the western
North Pacific began using a new system for namiogi¢al cyclones in 2000. Each of the
fourteen nations affected by typhoons submittedstaof names totalling 141. The names
include animals, flowers, astrological signs, a fewsonal names are used in pre-set order. In
2010, the first hurricane in the Caribbean Seaf GluMexico and the North Atlantic region
will be called Alex, and in Eastern North Pacifiowill be Agatha.

5.0 SUMMARY

The typhoon season in the western North Pacifidoredypically runs from May to
November. The Americas/Caribbean hurricane seasos from June 1 to November 30,
peaking in August and September. The cyclone seasoBouth Pacific and Australia
normally runs from November to April. In the Bay Bengal and Arabian Sea, tropical
cyclones usually occur from April to June, and 8ayier to November. The East Coast of
Africa normally experiences tropical cyclones frolmavember to April

6.0 TUTOR- MARKED ASSIGNMENT

1. What is Different between Tropical Cyclones avithd Speed?
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2. What are the major require for cyclones fornratio
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Unit 5: The Implication of Tropical Climate Characteristics and Behaviour on Plant and

Animals

1.0 INTRODUCTION

Climatology, the scientific study of climate, istnonly concerned with explaining why a
location's or region’s climate is like it is bus@lwith describing the nature and availability of
the climate resource for a wide range of humarvitiess. This subject is of great relevance to

the tropics as climate in many ways controls theedi and economic activities of the
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approximately 2400 million people living in tropiceegions. Tropical climates also have

effects that reach far beyond the limits of theiorg where they actually prevail: the global

general circulation is largely driven by the expoftconsiderable amounts of heat energy
from tropical to extra-tropical latitudes: a largart of all atmospheric water content

originates from the tropics, and intermittent tagbi phenomena, like El Nino Southern

Oscillation (ENSO), not only influence the climateger extensive tropical areas but many
parts of the extra-tropics. The climate sensitigfypopulations and economic production in
the tropics also makes these regions especiallyevable to any negative impacts arising
from human-induced climate change.

This is the first global compilation of projectedosystem impacts for humid tropical forests
affected by these combined forces," remarked Asiaenr. those areas of the globe projected
to suffer most from climate change, land managetsdcfocus their efforts on reducing the

pressure from deforestation, thereby helping sgeadjust to climate change, or enhancing
their ability to move in time to keep pace with@n the flip side, regions of the world where

deforestation is projected to have fewer effeatsnfrclimate change could be targeted for
restoration.

Tropical forests hold more than half of all thenitaand animal species on Earth. But the
combined effect of climate change, forest cleatimgt and logging may force them to adapt,
move, or die. The scientists looked at land use @mdate change by integrating global

deforestation and logging maps from satellite innp@ed high-resolution data with projected

future vegetation changes from 16 different glabdimhate models. They then ran scenarios on
how different types of species could be geograpijicashuffled by 2100.They used the

reorganization of plant classes, such as tropicaadieaf evergreen trees, tropical drought

deciduous trees, plus different kinds of grassesua®gates for biodiversity changes.
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For Central and South America, climate change ceailtier about two-thirds of the humid
tropical forests biodiversity -- the variety anduabdance of plants and animals in an
ecosystem. Combining that scenario with currentepas of land-use change, and the
Amazon Basin alone could see changes in biodiyeosier 80% of the region.

Most of the changes in the Congo area likely to €dnom selective logging and climate
change, which could negatively affect between 3580 &@4% of that region. At the
continental scale, about 70% of Africa’s tropicakst biodiversity would likely be affected if
current practices are not curtailed.

In Asia and the central and southern Pacific istad@forestation and logging are the primary
drivers of ecosystem changes. Model projectiongesigthat climate change might play a
lesser role there than in Latin America or Africecluding Nigeria. That said, the research
showed that between 60% and 77% of the area isegtisie to biodiversity losses via
massive ongoing land-use changes in the region.

The student also suppose to know that the worklatgral ecosystems will undergo profound
changes -- including severe alterations in thegcsgs composition -- through the combined
influence of climate change and land use,” remaiBadiel Nepstad, senior scientist at the
Woods Hole Research Centre. "Conservation of thddigdoiota, as we know it, will depend
upon rapid, steep declines in greenhouse gas @msssi

2.0 AIMS AND OBJECTIVES

1. to examine the characteristics of tropical moatacosystem

2. to understand the relationship between agriralland climate change within the tropic

3. to examine the layer of tropical rainforestwadl as plants and animals life in the tropic

environment.

4. to have an understanding of climatology and atexchange in Nigeria
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3.0 MAIN CONTENT

3.1  Tropical Montane

Tropical montane cloud forests are unique amongedaral ecosystems in that they are
strongly linked to regular cycles of cloud formatioWe have explored changes in
atmospheric parameters from global climate modelkitions of the Last Glacial Maximum
and for doubled atmospheric carbon dioxide coneéintr conditions which are associated
with the height of this cloud formation, and hertbe occurrence of intact cloud forests.
These parameters include vertical profiles of alisoand relative humidity surfaces, as well
as the warmth index, an empirical proxy of foregtet For the glacial simulations, the
warmth index and absolute humidity suggest a doapesshift of cloud forests that agrees
with the available palaeodata.

Forests typically rely most on the moisture fromud contact. At the same time, an increase
in the warmth index implies increased evapo-traasipin. This combination of reduced cloud
contact and increased evapo-transpiration coulé Bavious conservation implications, given
that these ecosystems typically harbour a high gtamm of endemic species and are often
situated on mountain tops or ridge lines.

Tropical montane cloud forests (TMCFs) occur whamuntains are frequently enveloped by
trade wind-derived orographic clouds and mist imbmation with convective rainfall. Many
features of these forests are directly or indisetlated to cloud formation, from vegetation
morphology to nutrient budgets to solar insolatiOne of the most direct impacts of frequent
cloud cover is the deposition of cloud dropletsotiyh contact with soil and vegetation
surfaces (horizontal precipitation). Total horiznprecipitation is greater than that from
vertical rainfall events in some systems during thg season, when these forests can
experience water stress. Because the combinatidmwtontal precipitation and lowered

evapo-transpiration due to frequent cloud contaptificantly increases precipitation minus

40



evaporation in these forests, they function as & local and regional watersheds. Also,
owing to the sponge-like effect of epiphytes (faample, mosses, bromeliads and ferns),
these forests act as capacitors in regulating #asanal release of precipitation, thereby
providing flood and erosion control in the rainyasen and water storage in the dry season.
In addition to their hydrological importance, thes®systems typically harbour an impressive
array of plants and animals.

Although the biodiversity of TMCFs is not as high that of lowland moist tropical forests,
the level of endemism found in resident animal Ees exceptional. For example, 32% of
Peruvian endemic vertebrates are localized in cfouests. The conservation status of these
unique ecosystems is precarious as they are arhengast endangered of all tropical forest
types. A high annual deforestation rate in tropmalntain forests caused by harvesting

Fuel wood, resource logging and agricultural cosier is increasingly threatening cloud
forests worldwide. Palaeoclimatic pollen evidentrergyly suggests a down slope shift of the
range of some current cloud forest species dutiegldst glacial period. There is abundant
evidence for down slope migrations of South andt@émmerican montane taxa (Quercus,
Alnus, Weinmannia and Podocarpus, for examplenhdugiacial times. Weinmannia is now a
characteristic genus of cloud forest trees in figa Andes, and Podocarpus is found in cloud
forests throughout the tropics. Other evidencegiran from noble gas concentrations in
groundwater to Barbados corals, to snowline demessdicates that certain regions of the
tropics were cooler by some 2+5 8C, with consideratariation in both temperature and
moisture conditions. Such changes surely affecteth lihe altitudinal and latitudinal
distributions of cloud forests in the glacial paSkoud formation associated with trade winds
often occurs as a result of orographic effects.

3.2 Tropical Agriculture
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This final part of the series contains a brief @@ of agriculture in the tropics, as well as
its effects, noting the increasing human populaiiorall tropical climate zones. In many
places, humans have altered the distribution afitpd@d animal species, in almost all areas
using plants and animals for food or labour. Thasnges, in turn, change the climate as the
appearance and, therefore, the characteristichefenhvironment alter significantly. The
sensitivity and effects of the tropics on globainelte are important. Small changes in rainfall
patterns, when experienced over a long period afsyénave a great effect on the vegetation;
this, in turn, affects populations dependent upbnSimall changes in temperature have
changed rainfall patterns in the tropics within gasst two million years, making some areas
drier and others wetter (Burroughs, 2005). The glabmate is regulated by conditions in the
tropics: the source of energy for agriculture ia thiddle latitudes is partly supplied from the
tropics, tropical forests absorb a large proporidrglobal carbon dioxide production, and
protective ozone is created in the tropical styattese. It is thus increasingly important for us
to study not only the weather and climate of tlo@itrs, but also the interrelationship between
tropical climates, agriculture and humankind.

Agriculture in the Humid Tropics and the Effects of Forest Clearance

Agriculture has resulted in the clearance of foreshany parts of the humid tropics, although
it is the semi-deciduous forest that has been stitjemost clearance historically.

In part, this is due to the relatively rich, buad¢bed, red-brown (iron-rich) or grey (kaolin-
rich) soils of the humid zone, but also due tograti of settlement and the slightly favourable
monsoon climate. Forests are ideally suited to hbeid tropics with roots able to tap
dissolved minerals below the surface soil layeligEdnd Mellor, 1995). As the forest is
cleared to open areas for agriculture and as acsoofr wood for construction and paper
making, or to grow crops, there is a profound effen the climate. Clearly, growing

populations require more arable land, but the pignof cash crops remains a contentious
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issue. In the tropical rain forests of SoutheasaAsiany areas have been either cleared, or
the forest changed to a secondary form, often h@and fruit trees initially, the clearance
was to provide wood for housing, but latterly isHzeen to grow subsistence crops. In semi-
deciduous (‘monsoon’) forest, crops such as te#eepand chocolate, grown largely for
export, have often replaced the woodland. Elsewlraterops, tropical fruit or groundnuts
are the principal crops where forest has been adeglit seems likely that oil crops will
become increasingly important in future, at theesrge of the natural forest.)

Forest clearance has an unfortunate and signifieffiect on climate and the effects of
weather. As crops or grassland replace woodland, dhily temperature range rises,
transpiration decreases and lower surface humiddyces cloud formation — most of which
is a result of convection in the tropics. Thus srapay require additional watering in the drier
areas. The main feedback, however, is a reducedtiuaf water carried through the
hydrological cycle. Another feedback is an increasecloud-base height of cumuliform
clouds, which reduces the amount of rainfall thayymeach the ground before evaporating.

As trees are cleared, there is a serious effe¢heriropical latosols. Without trees, leaf-fall
and fallen trees cannot contribute to the recycbhgninerals, so the soils are more easily
leached of essential nutrients. The lack of a teefopy increases the intensity of rainfall at
ground level, so that the thin humus layer can bsh&d away more easily. Where crops are
grown commercially, it is often necessary for lagyaounts of fertilizer to be added, even
where relatively nutrient-rich river waters from umtains such as the Himalayas are used to
water them. Although the potential Latosols, ascdeed briefly in part 9 (Galvin, 2009b),
are the characteristic soil of the humid tropidsey are formed by leaching of nutrients from
the upper layers in heavy rainfall, so are gengd#ficient in many nutrients. However, rapid
decomposition in the warm moist conditions of tha:e, as well as nitrogen from rainfall

does provide a good source of minerals in the hulawyer, especially where trees provide
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some shelter for productivity is very good, espigciahere there is a continuous growing
season and the costs can be high.

Clearance and degradation of forests also emitocatb the atmosphere, further affecting
global climate. Net deforestation has contributesuad a quarter of the historical rise of
CO2, mainly from deforestation in the tropics (aedteret al, 2007).

Tropical forest cover declined by 250 million heetbetween 1980 and 1990. The forestry
sector is currently the third-largest contributérgtobal greenhouse gas emissions and is a
larger emitter than transport.

Tropical forests are also vulnerable to climate ngfea with some models predicting
widespread loss of the Amazon rainforest due toate change (Bettt al, 2004; Coxet al.,
2004), although any such impacts are highly unoerevere impacts of climate change on
tropical forests may be more likely if the forestiready affected by forestry activities (Betts
et al, 2007). Forest degradation may therefore incrédesékelihood of climate—carbon cycle
feedbacks, accelerating the rise of CO2. Protec¢tomgcal forests and the carbon they store is
now being discussed as one possible measure toat@hrbate change through a mechanism
called ‘REDD’ (Reducing Emissions from Deforestatiand Degradation) (Gullisoet al,
2007).

Agriculture in the savannahs

The savannahs are very important for humankindraady crops have replaced the climax
vegetation of this climatic zone, in particulariimdia, the Americas and Africa. Perhaps most
important of the crops grown in many savannah lawdghe grains: rice, wheat, barley, oats,
maize and millet. These plants, developed from sgmsfeed a large proportion of the
population of the tropics, although the cultivateda remains relatively small, compared with
the natural grasslands used principally for pasfaraning. Many of these grains are ground

to form flour for baking or bread-making. In gereteopical grains (apart from rice) contain
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little gluten, so bread does not rise well. Manywigs are also used as animal-fodder
supplements. In countries where alcohol may be ymed, malted barley is used to make
beer. The crop type depends partly on climate,atad on its familiarity to the population.
Among the cereals, oats and barley are resistapetiodic cold, including frosts, whereas
maize requires warmer, wetter conditions and mieidapted to drier environments. Barley
is salt-tolerant and oats can grow in very wet alies.

Weather and locust swarms

Locust infestation, which has a serious effect gmcalture in marginal desert areas, is related
to the climate of these areas. Although differaeta are affected in different years, locusts
hopping and then flying in their millions destropps and thus livelihoods in the areas they
land. Their pestilence is dependent on both weathdrwind. Rain, usually associated with
incursions of westerly winds, provides suitable dibans, promoting the growth of plants
and the successful hatching of locusts (Dubey ahdn@ra, 1991). Plagues may develop
following insect maturation once the wind retumwithe east. This change of wind direction
is typically seen in the transition from summemtmter. However, many factors determine
the occurrence of locusts, on all meteorologicalest A text in the BibleExodus10:13-15)
readily suggests the serious effect of such plagues

Over the Middle East and North Africa, locusts esgried from the northeast to reach the
southern periphery of the Sahara — the Sahel. Habyt provided sufficient surface
vegetation is available, southwesterly monsoon wimahy carry locusts northeast, into
northwest African countries.

Southwest Asia, Pakistan and northwest India a@ @fected by locust plagues.

The Effects of Agriculture in the Tropics

Humans have altered this environment, mainly byicatiure (Turner and McCandless,

2004). The appearance of tropical lands, as matlibig humankind. At first sight, the

45



modification appears minimal, as the area undeicalgural production is small (less than
10%). A closer look reveals that the areas of @htwggetation vary significantly in particular
the area covered by tropical woodland. This islyike have been a direct result of agriculture
over the centuries. It is now generally accepted dineas formerly forested, but at the margins
of arid areas, have become drier since the lasagee some 10 000 years ago (Burroughs,
2005). This drying is probably caused, in part, the spread of agriculture, although
importantly the drying in itself reduces the tremver. As discussed above, this, in turn,
reduces rainfall, since evapotranspiration is redwnd so on. Clearly, humans must have the
ability to grow sufficient food in the areas whetrés needed: types that will grow well and
that are familiar (IRRI, 2004). There is also adhé grow crops that will bring an income
(e.g. tea, coffee, cocoa, copra, fruit) to provadsh and supplement the staple diet, thus
generating sufficient wealth to allow education &edlth care. Although this has an effect on
the environment (as seen very clearly in EuropBanth America), this is generally small in
the tropics (notwithstanding the changes discusdede). The lowland humid tropical zone
has potential to produce vast crops from a smal,agiven its plentiful rainfall and sunshine,
although a supplement in the form where there ficgnt water, agricultural productivity
can be high, since the lack of rainfall restrietadhing of the soils. The soils may be thin and
poorly formed, so that their mineral content haslveen broken down to be readily used by
plants but is still held within immature clays aedsock. Nutrients may be rapidly consumed
or leached when water is added, however, as smlsisually loose and friable. Irrigation
water is readily transpired in the low humidity ated/time warmth of this zone.

Irrigation was traditionally seasonal, provideddreat rivers, such as the Nile. Alluvial soils,
largely of fine porous but impermeable clays, stovater and help make agriculture
productive (Ellis and Mellor, 1995). More recenttiae building of dams and irrigation has

allowed the greening of drier areas. The fertilifiy desert soils is also dependent on the
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geology of the surroundings. Where this is limestomoorer soils are likely to form than
from, say, claystones (Open University, 1986). ©Otheeas may be largely bare rock,
unsuitable for anything other than hardy animakst tten live on the scrubby vegetation
growing in cracks in the rocks. Almost everywherdhie dry environment, soils are thin and
poorly developed.

The effects of desert irrigation over a long pergad have a serious effect in dry lands.

Soils naturally contain minerals, including sasldition of water gradually denudes the soil
of essential phosphate and nitrate by leaching ang@lants grow, whilst increasing many
salts, in particular sodium chloride and calciuntboaate present in the water, due to
evaporation. Sodium chloride is poisonous to mdaptp, so tolerant species may need to be
grown.

In many parts of southern Asia, scrublands havey lbeen irrigated. Groundnut is an
important crop grown usually for its oil in centdaldia, between the Eastern and Western
Ghats, as well as in Indo-China. The Sahel of Afti@s come to prominence, mainly due to
the effects of a growing population and the ephameature of fertilizers (natural or
manufactured) will be needed to sustain this graavith the growing population.

Agriculture and climate change

The fact of increased greenhouse gas concentratidhe atmosphere and resultant warming
is now well established (Le Treet al, 2007). The Intergovernmental Panel on Climate
Change’s Fourth Assessment Report (IPCC, 2007)sgivarming between about 2 and 4
degree C in the tropics by the end of the twenst-tentury compared with 1980-1999, the
greatest warming over land, mainly in areas ofdlirmate. Over the sea, the likelihood is that
the greatest warming will be close to the Equator.

Any change of climate can take one of two formgeasperatures rise. Either the new climatic

state has a similar variability as the current aliep or the variability changes. In the first
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case, the number of extreme weather events wil@ghdittle, but in the latter case, it is likely
that variability will increase.

More extreme events would be likely, posing a kglgreater danger: more torrential rain,
more droughts, more (or more extreme) tropical Ikerg storms, more forest fires, even
above the increase to be expected as temperaisee@RCC, 2007). Clearly, these scenarios
could have very different outcomes and much rebeaosv goes into discovering which is
more likely.

Increasing variability is likely and the climatelikely to be less stable with greenhouse gas
concentrations increasing (Cex al, 2000). If the climate and the oceans, in paldiGlare
warmer, more rainfall may result. Some parts of ttpics, however, are likely to become
drier and others wetter. In general, the humidit®pre likely to become wetter, whilst drier
parts of the tropics are likely to suffer more wagbortages than occur at present (IPCC,
2007). In Asia, it seems likely that the southwesinsoon will become wetter and that
monsoon rain will be heavier (Lowat al, 2005). On a regional scale, however, patterns of
rainfall are likely to become more complicated. Huealley Centre mesoscale climate model,
running with a 25km grid length, suggests thateheill be more rain on the highest ground,
but areas in rain shadow in southern India, as agethe relatively cool ocean areas, are likely
to become much drier (Met Office, 2004). Changibpagh subtle, are likely to favour some
crops over others.

Increasing rainfall is likely to increase riverwipalthough in many drier areas, any increase
is likely to be minimal, the extra rainfall beingad by plants, in particular in areas of
marginal agriculture (Lowet al, 2005). Although generally of benefit to the plapion of
these zones, there is a risk that the additiomafaidwill be mainly in the form of heavy rain
and hail, posing a threat of damage to crops, redirectly or from floods and landslides.

Some other, unexpected, changes may also occigralisady apparent in the western Pacific
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during the La Nina phase of the Southern Oscilhatim Southeast Asia, when increased
rainfall runs off high ground, rice terraces argenfinundated, the rice seed washed away, or
young rice plants drowned in deep water. Planth siscmaize may not be able to germinate,
or may suffer fungal infections when fields beconserlogged.

In areas of increased run-off and river flow, rents are likely to be more easily washed
away, reducing natural fertility, as well as poisgnthe sea, reducing oceanic productivity
and fish stocks.

A warming world is also likely to bring changesti® EI Nino-Southern Oscillation the main
control of climate variability in the tropics. Whilsome researchers suggest that EI Nino will
become more common, however, ice-core studies0F@0D-5000 years ago, when the global
climate was warmer than at present, suggest thatikel will be less common, decreasing
tropical climate variability (Burroughs, 2005). Qal, the eastern equatorial If tropical
climate variability is reduced, some of the hazafisopical agriculture will either lessen, or
can be allowed for Warmer oceans might reasonablyexpected to produce a greater
likelihood of tropical storms and there is somedewice of an increase in storm activity over
warming waters (Saunders and Lea, 2008). Howevemynstudies suggest an overall
reduction in storm number, some areas seeing fetwans, while others experience more.
Where they occur, they are likely to become motenise (Burroughs, 2005; Emanuel, 2005).
Coastal and island populations are likely to béar lhirunt of a warmed world as sea level
rises, due to melting ice caps and ocean expaf&a@cC, 2007).

The tropical rain forest is a forest of tall trées region of year-round warmth. An average of
50 to 260 inches (125 to 660 cm.) of rain fallsrjea

Rain forests belong to the tropical wet climateugroThe temperature in a rain forest rarely
gets higher than 93 °F (34 °C) or drops below 6820-°C); average humidity is between 77

and 88%; rainfall is often more than 100 inchegaryThere is usually a brief season of less
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rain. In monsoonal areas, there is a real dry seaBbmost all rain forests lie near the
equator.

Rainforests now cover less than 6% of Earth's famthce. Scientists estimate that more than
half of all the world's plant and animal specieg lin tropical rain forests. Tropical rainforests
produce 40% of Earth's oxygen.

A tropical rain forest has more kinds of trees thag other area in the world. Scientists have
counted about 100 to 300 species in one 2 1/2-@cieectare) area in South America.
Seventy percent of the plants in the rainforestraes.

About 1/4 of all the medicines we use come fronmfaaest plants. Curare comes from a
tropical vine, and is used as an anesthetic amelaa muscles during surgery. Quinine, from
the cinchona tree, is used to treat malaria. Agrersith lymphocytic leukemia has a 99%
chance that the disease will go into remission beeaf the rosy periwinkle. More than 1,400
varieties of tropical plants are thought to be pb& cures for cancer.

All tropical rain forests resemble one anotherame ways. Many of the trees have straight
trunks that don't branch out for 100 feet or mditgere is no sense in growing branches below
the canopy where there is little light. The majoof the trees have smooth, thin bark because
there is no need to protect the them from watey &l freezing temperatures. It also makes it
difficult for epiphytes and plant parasites to gethold on the trunks. The bark of different
species is so similar that it is difficult to idéwpta tree by its bark. Many trees can only be
identified by their flowers.

Despite these differences, each of the three largedorests--the American, the African, and
the Asian--has a different group of animal and plspecies. Each rain forest has many
species of monkeys, all of which differ from theesigs of the other two rain forests. In

addition, different areas of the same rain foreay rhave different species. Many kinds of
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trees that grow in the mountains of the Amazon faiast do not grow in the lowlands of that

same forest.

3.3

The layer of Tropical Rainforest as well as Pt Life within the Tropic

3.3.1 Layers of the Rainforest

There are four very distinct layers of trees irrgpical rain forest. These layers have been

identified as the emergent, upper canopy, undersamd forest floor.

» Emergent trees are spaced wide apart, and areal@a( feet tall with umbrella-

shaped canopies that grow above the forest. Beausegent trees are exposed to
drying winds, they tend to have small, pointed é&savSome species lose their leaves
during the brief dry season in monsoon rainforeStgese giant trees have straight,
smooth trunks with few branches. Their root systemery shallow, and to support
their size they grow buttresses that can spreatbautlistance of 30 feet.

The upper canopy of 60 to 130 foot trees allowstlig be easily available at the top
of this layer, but greatly reduced any light belbtwMost of the rainforest's animals
live in the upper canopy. There is so much foodilable at this level that some
animals never go down to the forest floor. The ésakiave "drip spouts” that allows
rain to run off. This keeps them dry and preventddnand mildew from forming in
the humid environment.

The understory, or lower canopy, consists of 6@ faees. This layer is made up of the
trunks of canopy trees, shrubs, plants and snesbktrThere is little air movement. As
a result the humidity is constantly high. This lleigan constant shade.

The forest floor is usually completely shaded, @xaghere a canopy tree has fallen
and created an opening. Most areas of the forest fieceive so little light that few

bushes or herbs can grow there. As a result, aparan easily walk through most
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parts of a tropical rain forest. Less than 1 %ha light that strikes the top of the
forest penetrates to the forest floor. The top isoilery thin and of poor quality. A lot
of litter falls to the ground where it is quicklydken down by decomposers like
termites, earthworms and fungi. The heat and huynfdrther help to break down the
litter. This organic matter is then just as quicabsorbed by the trees' shallow roots.
3.3.2 Plant Life
Besides these four layers, a shrub/sapling layaives about 3 % of the light that filters in
through the canopies. These stunted trees are leapiad sudden growth surge when a gap in
the canopy opens above them.
The air beneath the lower canopy is almost alwaysith. The trees themselves give off water
through the pores (stomata) of their leaves. Thisgss, called transpiration, can account for
as much as half of the precipitation in the raire$b.
Rainforest plants have made many adaptations to @éhgironment. With over 80 inches of
rain per year, plants have made adaptations thatthem shed water off their leaves quickly
so the branches don't get weighed down and breakyNlants have drip tips and grooved
leaves, and some leaves have oily coatings to sfaer. To absorb as much sunlight as
possible on the dark understory, leaves are vegelé&Some trees have leaf stalks that turn
with the movement of the sun so they always ab8w@bmaximum amount of light. Leaves in
the upper canopy are dark green, small and leatteemeduce water loss in the strong
sunlight. Some trees will grow large leaves atltveer canopy level and small leaves in the
upper canopy. Other plants grow in the upper camopharger trees to get sunlight. These are
the epiphytes such as orchids and bromeliads. Mis@®s have buttress and stilt roots for
extra support in the shallow, wet soil of the ranekts.
Over 2,500 species of vines grow in the rainforesinas start off as small shrubs that grow

on the forest floor. To reach the sunlight in thmoer canopy it sends out tendrils to grab
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sapling trees. The liana and the tree grow towHrdscanopy together. The vines grow from
one tree to another and make up 40% of the caregwet. The rattan vine has spikes on the
underside of its leaves that point backwards tb gireto sapling trees. Other "strangler" vines
will use trees as support and grow thicker andk#ri@as they reach the canopy, strangling its
host tree. They look like trees whose centers baes hollowed out.

Dominant species do not exist in tropical rainftsetowland dipterocarp forest can consist
of many different species of Dipterocarpaceae,rmitall of the same species. Trees of the
same species are very seldom found growing clagsthier. This bio diversity and separation
of the species prevents mass contamination andffifeem disease or insect infestation. Bio
diversity also insures that there will be enoughimators to take care of each species' needs.
Animals depend on the staggered blooming and migiitf rainforest plants to supply them
with a year-round source of food.

3.3.3 Animal Life

Many species of animal life can be found in then farest. Common characteristics found
among mammals and birds (and reptiles and amplsiptan) include adaptations to a life in
the trees, such as the prehensile tails of New 8Modnkeys. Other characteristics are bright
colours and sharp patterns, loud vocalizations,digid heavy on fruits.

Insects make up the largest single group of anitiaislive in tropical forests. They include
brightly colored butterflies, mosquitoes, camoudldgtick insects, and huge colonies of ants.
The Amazon river basin rainforest contains a witkarety of plant and animal life than any
other biome in the world. The second largest pdmraf plant and animal life can be found
in scattered locations and islands of Southeash.ABne lowest variety can be found in
Africa. There may be 40 to 100 different specie.b acres (1 hectare) of a tropical rain

forest.
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When early explorers first discovered the rainftwesf Africa, Southeast Asia and South
America, they were amazed by the dense growths tveigh giant buttresses, vines and
epiphytes. The tropical vegetation grew so denaeithwas difficult to cut one's way through
it. It was thought at the time that the soil ofanforest must be very fertile, filled with
nutrients, enabling it to support the immense teebsother vegetation they found.
Today we know that the soil of the tropical raimsts is shallow, very poor in nutrients and
almost without soluble minerals. Thousands of yedreeavy rains have washed away the
nutrients in the soil obtained from weathered rodkse rainforest has a very short nutrient
cycle. Nutrients generally stay in an ecosystenbding recycled and in a rainforest is mainly
found in the living plants and the layers of decosipg leaf litter. Various species of
decomposers like insects, bacteria, and fungi ntakek work of turning dead plant and
animal matter into nutrients. Plants take up thegdents the moment they are released.
A study in the Amazon rainforest found that 99%nafrients are held in root mats. When a
rainforest is burned or cut down the nutrientsraraoved from the ecosystem. The soil can
only be used for a very short time before it becogmmpletely depleted of all nutrients.
Where the Rainforests Are Found
The tropical rain forest can be found in three mggographical areas around the world.
Central America in the Amazon river basin.
Africa - Zaire basin, with a small area in Westigdr, also eastern Madagascar.
Indo-Malaysia - west coast of India, Assam, Sowthe&sia, New Guinea and
Queensland, Australia.
3.4  Climate Change in Nigeria
According to the United Nations Framework Convemtmn Climate Change (UNFCCC),
“climate change refers to a change of climate ighattributed directly or indirectly to human

activity that alters the composition of the atmcaseh and that is in addition to natural

54



climatic variability observed in the comparativelecent time periods. The IPCC
(Intergovernmental Panel on Climate Change hasveddls own usage of the term “climate
change” as any change in climate over time, whetberto natural variability or as a result of
human activity.

Following recent observations, it has been ackndgeée that for the first time, humanity has
the ability to alter the global environment wittime life time of an individual. (Henderson
Sellers, 1991). What is dramatic in the presentlugam is the unprecedented potential
rapidity of the changes in the earth’s atmosphemdronment.

Adaptation strategies for Climate Change

In order to minimize the negative impacts of climahange, a number of adaptation measures
are open to Nigeria. Such adaptation measures warl from one region to another and
from one socio-economic sector to another.

Coastal areas Adaptation Strategies

Among the adaptation strategies that could be egphre technical, engineering and
structural, biophysical and ecological and nonegtral.

(a) Technical, Engineering and Structural Adaptation Stategies

Technical, Engineering and Structural Responselsidecthe use of protection devices or
responses and emphasizes the defence of vulneaaddes, population centers, economic
activities and natural resources. They include glikevees, flood walls, sea walls, revetments,
and bulkheads, groins, detached breakwaters, fededgand tidal barriers. Other technical,
engineering and structural responses include sakwntrusion barriers, soft options, beach
nourishment (beach fill), dune restoration and towea wetland restoration and creation and
afforestation

Biophysical and Ecological Adaptation Strategies
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Biophysical and Ecological Options emphasize coradEm of ecosystem and some form of
protection using biological and ecological stragsgiThe options also include responses,
which involve modification of land use, changes planting date, changes in cultivars,
application of irrigation, and changes in crop. Remg lost resources, developing of
alternative habitat areas, (e.g. creating wetlaadd sand dunes), protecting threatened
ecosystems, afforestation, stabilizing sand duegs by planting vegetation) and adaptation
to salt water intrusion (e.g. by preventing sajiniicreases) are also significant biophysical
and ecological measures which can be used alongptst of Nigeria.

Non-Structural Options

These options involve no response measures. Thdydem measures, which involve retreat,
accommodation, and limiting development. Three wased to foster a retreat in the Nigeria
include (i) limiting development in areas likely be flooded (ii) allowing for development
subject to the requirement that it will eventudbly removed (presumed mobility) and (iii)
doing nothing about the problems and eventuallyuiretg the developed areas to be
abandoned.

Are there Evidences of Climate Change in Nigeria?

The prevalence and significance of climate changeNigeria has been confirmed by a
number of climatic characteristics. These include:

(a) The impacts of climatic variations and climateange on environmental dynamics and
environment change and their implications on tr@asseconomic and socio-cultural activities
in the country, as witnessed in recent years, éspeduring the past three or four decades.
In particular, with floods and droughts, desergfion, soil erosion, and such other
consequences of climatic variations and climatengbathe issues of climatic variability and
climate change and their environmental and socim@mic impacts have been topical at

discussions particularly since about the late 1960s
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(b) the general increase in surface temperaturahdancountry, with most stations having
temperature increases of about 0.2-0.30C per dexmdéscussed by Ojo (1998); Ojo (2002)
are also enunciated in the section on Temperattgads. In addition, sea level changes
along the coast of Nigeria have shown that theadtaristics of coastal area changes in the
country have probably been exacerbated by sea tesgl These have been manifested as
coastal erosion, flooding, saltwater intrusion, grame degradation and related socio
economic problems as noted by Awosika et al., 19924, Ojo et al., 2002 and NEST, 2003.
All these experiences and results of research ibesivindicate the need to document
information on the characteristics of climate, @bm variability and climate change. In
particular, the main questions that should be oiceon in Nigeria, particularly as related to
the climatic environment should be those related to

(a) the characteristics of present weather, clonatriability and significant characteristics of
the present climatic conditions especially as eeldb rainfall and temperature and

(b) the characteristics of the changes expectettheénclimate of Nigeria over the next 100
years. In considering these two areas of concenphasis should be placed mostly on rainfall
and temperature, even though issues related to cih&tic parameters should be mentioned
as at when necessary.

4.0 CONCLUSION

The extremity of most tropical climates, the diséorhof humidity, large desert temperature
ranges, the cold of high mountains, copious rdirfare well represented by the climate data
(Galvin, 2009b). The land area of the tropics iswl40% of the world total, although the
habitable area is much less than half this. CledHgre is a large and growing need for
increased knowledge of the effects of the weathealli tropical countries. In recent years,
there has been increasing research into the weathdhe tropics, both to aid our

understanding and improve forecast models. As riésgarch proceeds, our understanding
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grows and numerical models improve — in particamodel resolution is increased (Galvin,
2005; Glenn Greed, personal communication) — yigjdbenefit to all. The Met Office
provides many new services to assist tropical g@msitn dealing with the weather, adapting
to the climate and assisting national development.

5.0 SUMMARY

6.0 TUTOR- MARKED ASSIGNMENT

1. Write a comprehensive note on plants and anilfi@ls tropics

2. What are the impacts of agricultural practicd alimate change on plants and animal in

the tropic
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7.0 REFERENCES/FURTHER READINGS

UNIT 1: NATURE AND COMPONENT OF ATMOSPHERE

INTRODUCTION

The atmosphere is a deep blanket of gaseous emvéhap surrounds the solid and liquid

surface of the earth. It extends upward for hunsli@fkilometres, and eventually meets the

rarefied inter-planetary medium of the solar syst€he gas which constitutes the atmosphere

is called air. It is a mixture of several gasese Tiost abundant of the elements in the air are

nitrogen, oxygen and argon.
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The atmosphere is essential for life, and withgutfée would not exist and there would be no
clouds, winds and storms, indeed, there would beveather. Besides being an essential for
life and a medium for weather processes, the athewspacts as a great canopy that protects

the earth from the full force of the sun by dayal#o prevents loss of too much heat at night.

If there were no atmosphere, the temperatures eofetirth would rise to over 930C in the

daytime, and drop to around -3440C at night.

The atmosphere is also refers to a layer of gaseshvsurrounds the entire Earth. It consists
mainly of Nitrogen, Oxygen, as well as a few otgaseous elements. The purpose of this
"layer" around the Earth is to prevent excessivelwants of radiation from reaching the Earth,
thereby allowing us, as animals/planets, to survideplanet such as Mars has very little, if
any, atmosphere and hence has little or no lifatdat least as we see it now). Several
million years ago Mars may have supported life.s Baur class ever seen pictures of the
huge "ancient rivers" or Canyons on Mars? Mangragts these formations could have been

made by water, rivers, etc many millions of yeays.a

The entire mass of air and other gases surrouniiegearth is called atmosphere. With

increasing height above earth's surface, the atineosgpecomes rarer and rarer.

The earth's atmosphere is a covering of variousegathat surrounds the plant to a depth of
1000km, or about 600 miles. Without these gasesdate an atmosphere, no life would exist
and there would be no weather. We would just bethemolifeless planet in existence.
Scientist has divided the atmosphere into five s®palayers — the exosphere, the
thermosphere, the mesosphere, the stratosphertharitbposphere. The troposphere is the
nearest layer to the surface of the earth andeiotiy part of the atmosphere where weather
happens.

If you look at a photo of the earth taken from &elite in space you can see the weather
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systems clearly moving around the atmosphere. Eightof the troposphere varies between
different areas of the earth. At the equator foaregle, it stretches to about 20KM, or 12
miles above the surface. At the poles, the layachres a height of about 10KM or about six

miles.

AIMS AND OBJECTIVES

The specific objectives of this study are to;

1. Explain the Structure of the atmosphere
2. State the composition of the atmosphere

3. Explain how solar energy influence the atmosphere

4. State the importance of the atmosphere

3.0 MAIN CONTENT

3.1 STRUCTURE OF THE ATMOSPHERE

The atmosphere has a distinct vertical structurapesing four broad layers, each with its
own characteristics. Each layer is warmed by dffiémportions of the Sun's radiation, so the
temperature of the atmosphere varies between layées atmosphere is divided vertically
into four layers based on temperature: the tropasphstratosphere, mesosphere, and
thermosphere. Throughout the Cycles unit, we'lusoprimarily on the layer in which we live

the troposphere.

The lowest layer, the troposphere, is the layewhch we live. It gets its warmth from the
ground, which is heated by the Sun. Temperatureékdrtroposphere decrease steadily with
distance from the ground. The rate of cooling, knaas the environmental lapse rate, is

remarkably even at around 6°C (42.8F) per 1,000rewef3,280 feet). The troposphere
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contains 75 per cent of the atmosphere's gassdt lablds huge amounts of dust and water
vapour, and is often dense with clouds and mist.pféssure is greatest in the troposphere,
because gravity pulls the atmosphere towards thth Esgueezing most of its weight into this

lowest layer.

The boundary that separates the troposphere frenstthtosphere is called the tropopause.
The height of this boundary varies between aboWiilbmetres (9 miles) at the Equator and 8
kilometres (5 miles) at the North and South Polleshe stratosphere, temperatures begin to
rise. This is due to the presence of the ozone layiich absorbs the Sun's ultraviolet (UV)
light and, at the same time, protects the Eartimftbe dangerous effects of UV rays. The
ozone actually soaks up so much UV light that tinetesphere gets quite warm towards the
top. Since the air gets warmer beyond the tropapausisture evaporated from the sea can
never rise into the stratosphere, because it isedaby colder, denser air in the troposphere.
Because the air in the stratosphere contains tittdesture, and is heated from above as ozone
absorbs UV light, the stratosphere is still anancadhich is why jet airliners climb up to this
level for long distance flights. The only cloudg daint noctilucent (nightshining) clouds and

mother-of-pearl clouds. The stratosphere conta@ngel cent of the atmosphere's gas.

Higher still, the mesosphere is heated as oxygeh ratrogen are warmed by extreme
ultraviolet light, but temperatures begin to droghwheight as the gases get thinner and
thinner. The air in the mesosphere is very thir, thick enough to slow down meteorites,

which burn up as they hurtle into it, leaving fiergils in the night sky.

The mesopause is the boundary that separates thespieere from the fourth layer of the
atmosphere, the thermosphere. Gases in the thelnerespre even thinner than those in the
mesosphere, but because they are exposed to thgdaid of the Sun, temperatures soar to

2,000°C (3,632C). However, because there is de gts, there is very little real heat.
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The upper part of the mesosphere and the loweop#ne thermosphere are together referred
to as the ionosphere, since this layer containsyreactrically charged particles called ions.

lons are atoms or molecules that have lost or gaime or more negatively charged electron.
lons in the atmosphere are formed when gas molecsleh as nitrogen and oxygen, are
energized by ultraviolet rays from the Sun to sactextent that they lose one or more of their
electrons. Because ions are electrically chardesl; aire capable of reflecting radio signals.
During the day, the Sun's ultraviolet rays turn enand more atoms into ions, and so the
ionosphere is most highly charged just after suridgtdawn, the ionosphere is much weaker

because the electrons slowly recombine with ionsiduhe night.

The electrical nature of the Earth's atmospheresponsible for the coloured lights known as

aurorae. Aurorae are permanent features of thdn'Earpper atmosphere, although they vary

in vividness. There are two aurorae—the auroradbsrat the North Pole, and the aurora

australis at the South Pole. Aurorae are gigastietching far up through the atmosphere.

The lowest fringes hang about 64 kilometres (4Ces)ilabove the ground, while the upper

rays extend more than 965 kilometres (600 mile®) space—three times as high as the space
shuttle's orbit. The coloured lights we see in $hg are the atoms and molecules of the

atmosphere glowing as they are bombarded by chgrgdttles streaming from the Sun.

These atoms and molecules are then deflected tevitcandh's magnetic poles.

The outer layer of the atmosphere, the exosphieemore than 483 kilometres (300 miles)
above the ground. At this height, gases becomarsfied that they drift off into space. Even
further out are indistinct regions called the hgloere and protonosphere. In the heliosphere,
the atmosphere has thinned out to a near vacuutnslight frictional drag on spacecraft
indicates that gas is present - mostly helium, Wwhicwhy it is called the heliosphere. The

protonosphere, which stretches out more than 60kilOthetres (37,200 miles) above the
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Earth, is even more rarefied, and probably consistssparse scattering of charged hydrogen

particles, known as protons, hence the name.
Layers of the Atmosphere

The atmosphere of the Earth may be divided intesgwdistinct layers, as the following

figure indicates.

lonosphere {(Aurora)

Mesosphere

20 km

-

Troposphere

Layers of the Earth's atmosphere

3.2 COMPOSITION OF THE ATMOSPHERE

The Earth's atmosphere consists mainly of the lemsnihert gas nitrogen (78 per cent), and
the vital oxygen we need to breathe (21 per cénd)so contains tiny traces of argon, ozone,

carbon dioxide, neon, krypton, xenon, helium, me¢gaand hydrogen. Water vapour and
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solid particles, such as dust, pollen, and salhysfirom the oceans are also present in the

lowest level of the atmosphere, the troposphere.

No other atmosphere in the solar system is remditedythat of the Earth. The atmosphere of
Venus, for instance, is 96 per cent carbon dioxwdale that of Mars is 95 per cent carbon
dioxide. Earth's atmosphere contains practicallycaoon dioxide, because most of this gas
was absorbed by the oceans early in the planetsriaj where it combined with calcium to
form the mineral calcium carbonate, or limestonard/and Venus have no oceans, so their

carbon dioxide is still present in their atmospbkere

The air is almost always moist, even when it isnaing, because it contains water vapour.
This water vapour is normally invisible, but if tlaér is cooled enough, it condenses into
drops of liquid water or solid ice and forms clouftsy, mist, dew, rain, or snow. Water is
continually being recycled between the atmosphedethe oceans in a process known as the

water cycle.

The air is filled with a wide range of minute airbgparticles, known as aerosols. Most of
these aerosols are natural, such as volcanic abhfram forest fires, pollen, and fungal

spores. The biggest sources of aerosols are eaitthie sea and dust from soil. More than a
billion tons of sea salt joins the air from seaagpevery year, and almost a quarter of a billion
tons of soil dust is whipped up by the wind. Withthiese aerosols, there would be nothing

for water in the atmosphere to condense on, and theuld be no mists, clouds, or rain.

The oxygen so characteristic of our atmosphere wfasost all produced by plants
(cyanobacteria or, more colloquially, blue-greegaa)). Thus, the present composition of the

atmosphere is 79% nitrogen, 20% oxygen, and 1% giwes.

Composition of the Atmosphere
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Nitrogen T8%

g::%gm 1%

3.3 HOW DOES SOLAR ENERGY INFLUENCE THE ATMOSPHERE?

The heat source for our planet is the sun. Enexgy the sun is transferred through space and
through the earth's atmosphere to the earth'scgurfdince this energy warms the earth's
surface and atmosphere, some of it is or becomatsamergy. There are three ways heat is

transferred, into the atmosphere: radiation, cotidn@nd convection

If you have stood in front of a fireplace or neacampfire, you have felt the heat transfer
known as radiation. The side of your nearest thee iiarms, while your other side remains
unaffected by the heat. Although you are surrourimedir, the air has nothing to do with this
transfer of heat. Heat lamps, that keep food wavork in the same way. Radiation is the

transfer of heat energy by electromagnetic radiatio

Most of the electromagnetic radiation that comethtoearth from the sun is in the form of
visible light. Light is made of waves of differeinéquencies. The frequency is the number of

instances that a repeated event occurs, over &énset In electromagnetic radiation, the
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frequency is the number of times an electromagmnetice moves past a point each second.
Our brains interpret these different frequenciés icolors, including red, orange, yellow,

green, blue, indigo, and violet. When the eye vialwshese different colors at the same time,
it is interpreted as white. Waves from the sun Wwhi@ cannot see are infrared, which have

lower frequencies than red, and ultraviolet, whelve higher frequencies than violet light.

Most of the solar radiation is absorbed by the aphere and much of what reaches the
earth's surface is radiated back into the atmospteiecome heat energy. Dark colored
objects such as asphalt absorb more of the radrargy and warm faster than light colored

objects. Dark objects also radiate their energiefaban lighter colored objects.

Learning Lesson: Melts in your bag, not in your ¢han

Conduction

Conduction is the transfer of heat energy from sugstance to another or within a substance.
Have you ever left a metal spoon in a pot of soeipdheated on a stove? After a short time
the handle of the spoon will become hot. This is ttutransfer of heat energy from molecule

to molecule or from atom to atom. Also, when olgeante welded together, the metal becomes
hot (the orange-red glow) by the transfer of heatnfan arc. This is called conduction and is

a very effective method of heat transfer in metd®wever, air conducts heat poorly.

Convection

Convection is the transfer of heat energy in adfltihis type of heating is most commonly
seen in the kitchen when you see liquid boiling: i the atmosphere acts as a fluid. The
sun's radiation strikes the ground, thus warmimgrdtks. As the rock's temperature rises due
to conduction, heat energy is released into thespimere, forming a bubble of air which is
warmer than the surrounding air. This bubble ofrigies into the atmosphere. As it rises, the

bubble cools with the heat contained in the bubid&ing into the atmosphere.
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As the hot air mass rises, the air is replacedhkysurrounding cooler, more dense air, what
we feel as wind. These movements of air massedeasmall in a certain region, such as
local cumulus clouds, or large cycles in the trgyase, covering large sections of the earth.

Convection currents are responsible for many wegthgerns in the troposphere.

3.4 IMPORTANCE OF THE ATMOSPHERE

» The atmosphere is earth's protective armour. Tim@sthere separates the earth from
the space and thus, hot asteroids do not hit theungr all the time.
Another very very important significance of the asphere is that it regulates
temperature on earth. Although now the increasmegmhouse effect has become such
a big crisis as it is causing global warming, thetle does need the greenhouse effect
to some extent. This is because the atmosphere $ape of the heat that comes from
sun during the day so that the nights are tolereldeDo you know that Mercury, the
planet closest to the sun and therefore the hati@sta night time temperature of -
1730C while during daytime, it is almost 3500C? {Th& because it has no
atmosphere. Imagine how impossible it would havenbé& inhabit earth if its
temperatures fluctuated between such extremes eegty

» The atmosphere also offers protection against #metul rays of the sun. That is the
issue of concern about the ozone holes. As the [@yatmosphere disintegrates from
an area, it is in direct contact with sunlight witih the atmosphere between it to
remove the harmful radiation. This increases thlke of sunburns and skin cancer to a
great degree.

» The atmosphere is the source of every living thimghe world, it plays a very
important role in serving the world's need andupmorts the earth and it's consisting
elements.....it provides ventilation to the eardgtduse the atmosphere filters the

ultraviolet rays coming from the sun which caudes living things in the world to
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die....it also gives the air we breathe,the foodeaand the water we drink and above
all it supports life

» It protects us from ultra violet rays of the sunalso protects us from the meteors.
Without the atmosphere, the earth's surface wolk like the surface of the moon (full
of craters). Summary of other Importance of Atma&sph

» Atmosphere serve as an umbrella which protectsams harmful UV rays that results
to melanoma, a skin disease. Anonymous

» The layers of atmosphere is very important fomigvbeings because it reflects some

of the heat of the sun and some is also absorbéd by

The Atmosphere is very important part of the biesph

It controls the heat

Protects us from the Ultra contains ray of the sun

Separates the earth from the space

Helps us to breath as atmosphere contains air

Regulates the temperature on the Earth

vV Vv V¥V V VYV VYV V¥V

Traps some of the heat that comes from the sumgldiie day, so that the nights are

tolerable too.

4.0 CONCLUSION

The atmosphere is the envelope of gases that swisaine earth. Earth's atmosphere makes
conditions on earth suitable for living things. Taenosphere contains oxygen and other
gases that living things need to survive. It prt#teloving things from radiation of sun.
Atmosphere also prevents earth's surface from bliingy meteoroids or rocks from outer
space. So imagine the world without the atmosphemijll be better to live on any other

planet rather to live on the earth! Living thing®wid probably die from living on earth.
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Scientists divide earth's atmosphere into four niayers classified according to changes in

the temperature

5.0 SUMMARY

The atmosphere consists of the following layers.

1- Troposphere: it extends to about 7 miles.

2- Stratosphere: it extends to 20 miles.

3- Mesosphere: it extends to about 80 miles. Heome gas is generated by the action of the
sun.4- lonosphere: it is the region of upper atrhesp with layers of electric particles formed

by loss or gain of electrons.

5- Exosphere: t extends beyond 400 miles, anceiait distinct feature of atmosphere.

The Troposphere

The troposphere is where all weather takes pladgithe region of rising and falling packets
of air. The air pressure at the top of the tropesphs only 10% of that at sea level (0.1
atmospheres). There is a thin buffer zone betwkertroposphere and the next layer called

the tropopause.

The Stratosphere and Ozone Layer

Above the troposphere is the stratosphere, wheifftoai is mostly horizontal. The thin ozone
layer in the upper stratosphere has a high coretesirof ozone, a particularly reactive form
of oxygen. This layer is primarily responsible &dysorbing the ultraviolet radiation from the
Sun. The formation of this layer is a delicate eratsince only when oxygen is produced in
the atmosphere can an ozone layer form and praremtense flux of ultraviolet radiation
from reaching the surface, where it is quite hazasdto the evolution of life. There is
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considerable recent concern that manmade flouronadompounds may be depleting the

ozone layer, with dire future consequences fordiiehe Earth.

The Mesosphere and lonosphere

Above the stratosphere is the mesosphere and dbatis the ionosphere (or thermosphere),
where many atoms are ionized (have gained or lestrens so they have a net electrical
charge). The ionosphere is very thin, but it is kehaurora take place, and is also responsible
for absorbing the most energetic photons from the, Sand for reflecting radio waves,

thereby making long-distance radio communicatiosspue.

The structure of the ionosphere is strongly infeezhby the charged particle wind from the
Sun (solar wind), which is in turn governed by kel of Solar activity. One measure of the
structure of the ionosphere is the free electramsitg which is an indicator of the degree of
ionization. Here are electron density contour nmaffibe ionosphere for months in 1957 to the
present. Compare these simulations of the varidilomonth of the ionosphere for the year
1990 (a period of high solar activity with many spats) and 1996 (a period of low solar

activity with few sunspots)

6.0 TUTOR- MARKED ASSIGNMENT

1. with the aid of diagram where necessary, whitgrtsnote on the following;

a. Layers of the atmosphere

b. Composition of the atmosphere

c. Conduction

d. Convention

2. What is the importance of the atmosphere?
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UNIT 2: WEATHER AND CLIMATE; AND THEIR VARIOUS ELEM ENTS

INTRODUCTION

Weather is the current atmospheric conditions,uicly temperature, rainfall, wind, and
humidity at a given place. If you stand outside) gan see that it's raining or windy, or sunny
or cloudy. You can tell how hot it is by taking emperature reading. Weather is what's

happening right now or is likely to happen tomorrown the very near future.

Climate, on the other hand, is the general weatbeditions over a long period of time. For

example, on any given day in January, we expdothbe rainy in Portland, Oregon and sunny
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and mild in Phoenix, Arizona. And in Buffalo, Newolk, we're not surprised to see January

newscasts about sub-zero temperatures and hugedsifitsy

Some meteorologists say that "climate is what ygpeet and weather is what you get."
According to one middle school student, "climatéstgou what clothes to buy, but weather

tells you what clothes to wear."

Climate is sometimes referred to as "average" vegdtr a given area. The National Weather
Service uses data such as temperature highs asdalmavprecipitation rates for the past thirty

years to compile an area's "average" weather.

The earth's climate is generally defined as theameweather over a long period of time. A
place or region's climate is determined by bothuratand anthropogenic (human-made)
factors. The natural elements include the atmosplygosphere, hydrosphere, and biosphere,
while the human factors can include land and resouses. Changes in any of these factors

can cause local, regional, or even global changé#sei climate.

The weather is made up of different elements, whath measured either by special
instruments or are observed by a meteorologistsdmeasurements are then recorded and

used in the making of climate graphs and weatheccksts.

Although an area's climate is always changing,cti@nges do not usually occur on a time
scale that's immediately obvious to us. While wevkrinow the weather changes from day to
day, subtle climate changes are not as readilyctitke. Weather patterns and climate types

take similar elements into account, the most ingyarof which are:

3.0 MAIN CONTENT

3.1 ELEMENTS OF WEATHER AND CLIMATE AND IMPORTANCE OF

MEASURING THEM
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When studying weather or climate, the elementsacheseem to be interchangeable. Though
the difference between terms like "precipitationfida"average precipitation” may seem
negligible, their differences are important factanswhat separates climate from weather.
Weather is the combination of daily factors thatufein rain or sunshine, while climate is the
long-term total of those daily factors over perioofs decades. To truly distinguish the
differences in how these elements concern weathichmate, you first have to understand

what the elements are.

Precipitation

Precipitation is simply any water form that falissthe Earth from overhead cloud formations.
As an element of weather, precipitation determinbsther outdoor activities are suitable or
if the water levels of creeks and rivers will riges an element of climate, precipitation is a
long-term, predictable factor of a region's makeleqr. instance, a desert may experience a

storm (weather) though it remains a typically drgaa(climate).

Humidity

Humidity is the measurable amount of moisture ia #ir of the lower atmosphere. The
humidity element of weather makes the day feelseh@nd can be used to predict coming
storms. However, the humidity element of climatéhis prolonged moisture level of an area
that can affect entire ecosystems. For instanopidal jungles can sustain different forms of
life than dry, arid climates because of the ovehalnidity from rainfall and other factors.
This is an aspect of climate rather than weathethat the typically high humidity levels of

these regions is predictable over periods of dexade

Temperature
Temperature is simply the measurement of how haolat a region is on a day-to-day basis.

The weather aspect of temperature can change thoaughe day, however, it generally falls
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within a certain range of predictable highs andddas climate). Cold snaps and heat waves
are weather that affects the temperatures of pdaticlimates. For example, a heat wave in
northern Siberia is an aspect of weather affectirajmate that is typically considered to be
cold. The weather in this case (the heat wave)mplg happening inside of a climate (the

normal cold range of Siberian temperatures).

Atmospheric Pressure

Atmospheric pressure is basically the "weight" d&ie tair. It is used primarily by
meteorologists to monitor developing storms that saem to come out of nowhere. While
typically considered an aspect of weather, centegions of the world exist in zones where
changing atmospheric pressures form part of thealigieble climate. Because of their
proximity to large bodies of water (a major fachoratmospheric pressure changes), places

like coastal regions and islands experience sesterens on a regular basis.

Meteorological Phenomena

Tornadoes, hail storms and fog are all examplesaiéorological phenomena that are hard to
predict. As an element of weather, these occursecae seem random and are a result of a set
of unique circumstances. However, some regionshefworld can factor meteorological
phenomena into their climate. For instance, the Wecaa Midwest's "Tornado Alley"
(tornadoes), the Great Lakes region (lake effecswgnand places like London (fog) and
Bangladesh (drastic and rapid climate changes) tiese occurrences so often that they are

an almost predictable part of the region's climate.

Importance of measuring and recording Weather and Gmatic Element

» Helps in describing the climate of a place; weathér equatorial climate or tropical

climate among other climatic types.
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» Helps farmers to plan when to plant their cropswahdn to harvest them.

» Important in the aviation industry, in that it helpilots to know when to take off and
when to land.

» Helps sailors at sea to timetable their journeys.

» Helps farmers to plan when to plant and when todsirtheir crops.

» Helps people to plan what to put on or dress ferdhy for example they will know
whether or not to put on a sweater or jacket anathnex or no to carry an umbrella.

» Helps the government to prepare for disasters flieds, drought, and very strong

winds among others.

3.2 FACTORS INFLUENCING WEATHER AND CLIMATE

Relief: - Highlands or mountains lead to the formation diefeainfall on the windward side

and dry conditions on the lee ward side.

Altitude: - Highlands experience lower temperatures thanlémds. The higher one goes the

cooler it becomes.

Latitude: - The tropical areas i.e. areas of low latitudpegience higher temperatures and
rainfall. Areas of higher latitude e.g. the temperand Polar Regions experience lower

temperatures.

Water Bodies - Nearness to a large water body influences timeate of the area. Water
bodies are sources of atmospheric moisture throenxgmporation and areas near them

experience higher rainfall.

Natural Vegetation:- Forested and wetland areas contribute to theosheric vapour
though transpiration leading to the formation ahfall. Areas without vegetation or limited

vegetation experience less rainfall.

78



Prevailing Winds: - Moist prevailing winds bring in rainfall unlike drywinds. Winds also
help in the distribution of temperatures i.e. wammds bring in warm conditions while cold

winds bring in cool conditions.

Ocean Currents: - These are moving ocean waters. They may bearoldarm i.e. cold and
warm ocean currents. Warm ocean currents lead gdidimation of high rainfall on the
adjacent coastal areas. Cold ocean currents ledowtaainfall and formation of marine

deserts in the adjacent coastal areas e.g. thelNaesert.

Man’s Activities: - Activities like deforestation, swamp reclamationdustrialisation, etc.
lead to semi arid and arid conditions through thecess of desertification. In addition

environmentally unfriendly human activities leadytobal warming.

Also, weather and climate are different, they aegeyvnuch interrelated. A change in one
weather element often produces changes in theso#hement and in the region's climate. For
example, if the average temperature over a regioreases significantly, it can affect the
amount of cloudiness as well as the type and amotiprecipitation that occur. If these

changes occur over long periods of time, the awedignate values for these elements will

also be affected.

3.3 EQUIPMENT OF STANDARD METROLOGICAL STATION

A Metrological station is a place where weathetrumaents are kept and used for measuring
and recording the elements of weather. A similaiifsg which is bigger and more advanced

is known referred to as a Meteorological stationvé@ather station is normally established in
an open area free from any form of obstructiorgrnsure accurate and reliable data collection.
A major structure in a weather station is a Steoenscreen. The other instruments in a

weather station include a rain gauge, wind vanemameter, evaporimeter, windsock,
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sunshine recorder etc. They are fenced off so dhahals cannot get in and damage the

equipment.

Rain gauges

Rain gauges are used to determine the precipitati@ncertain point which is representative

for a certain area. It is essential that the dgyrls have an accuracy of 0.2 mm.

Important characteristics of rain gauges are:

An adequate measuring area.

A collecting bucket with a sharp edge, a smootidsand such a shape that splashing out of

precipitation is avoided.

Rain gauge, type Rain-O-Matic

Combined electronic rain- and temperature meteln i@ m cable and digital read-out unit
with memory and an accuracy of 1.0 mm which is esjlg used at home. The digital LCD
Is placed indoors. The meter has a memory fundtomprecipitation, and highest and lowest

registered temperatures during the measuring period

Rain Gauge with Large (External) Collecting Jar

Rain gauge consisting of a collecting funnel withlexting jar and measuring vessel placed
in an open area. The rain gauge is connected &xt@nnal collecting jar (contents 20 liter) by
a syphon tube. The rain gauge is specially desigmethtensive precipitation (tropics). The

collecting area measures 200 cm2.

Standard Rain Gauge
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Rain gauge (in accordance with DIN 58666C) conwjstif a collecting funnel with a 1 liter
collecting jar and measuring vessel of 0-10 mm with.1 mm division with collecting area

200 cm?2.

Mechanical Precipitation Recorder

Mechanical self-recording rain gauge with sheetaifeinnels with limit ring and siphon with

automatic drain after 10 mm height of precipitatibhe precipitation recorder has a

collecting area of 200 cm2. Registration over aag ¢heriod. Scale division 0.1 mm.
Complete with recording sheets and accessoriesméuhanical self-recording rain gauge is

suitable for measuring the precipitation intengttgtermination of precipitation peaks).

Thermometer

Temperature and humidity

Temperature and humidity are two important metemichl parameters. They have a great
influence on numerous processes in nature, sutiheasvaporation rate of water, germination
of seeds and the spread of (plant) diseases. 8pedbiadaily temperature cycle is important
here. Measuring the air temperature usually takesemt a standard height. The thermometer

must be protected against direct sunlight. Thisleadone by using a temperature screen.

Digital thermometer

The K-thermocouple thermometer has a standard prithea length of 12 cm packed in a
case. There are also three specially designed csintpmperature probes available with a

length of 50, 100 and 150 cm.

The thermometer is waterproof (IP67), has a laigplay and membrane key-pad.
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The thermometer can be used to measure temperatdegrees Celsius and Fahrenheit and
has a measuring range of -50 tot +150°C. Accurac§.5°C. The display can be read to
0.1°C. The thermometer has options to display tkasurement and to reset the maximum-
and minimum temperature and hold facility. Powepmy four 1.5 V AAA batteries. The
stainless steel compost temperature probes haaediehand a rod with a diameter of 10 mm.
The point of the rod contains a temperature serieermical insulated from the rod by an
insulation collar. Influence of heat exchange betweod and material to be measured is
minimal. The instrument can also be used to measun@erature in ensilage, hay, peat or

other soft materials or liquids.

Assmann psychrometer

Model in chromed design. The model is equipped with thermometers and a psychrometer
with a measuring range of -10 to +60°C. The psyclater is fitted with a mechanical
ventilator. Accuracy of both thermometers +/- 0.2fvision 0.2°C. The psychrometer is

supplied inclusive accessories and psychrometer

Portable relative humidity and temperature meter

The portable digital relative humidity and temparat meter displays directly relative
humidity or temperature. The meter is equipped \aitheparate probe with 1.5 m cable and

has a high contrast LCD display.

Measuring range relative humidity 0 to 100%
Resolution 0.1% Accuracy +/- 2%

Measuring range temperature -20 to +60°C

Y V VYV V¥V

Resolution 0.1°C Accuracy +/- 0.2°C
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Thermo-hygrograph

The hygro-thermograph independently measures adde the relative humidity and the

temperature of the surroundings. This self-recaydinermohygrograph has a bimetal as
temperature element and a hair-wire measuring elerdfoe humidity. The instrument is

supplied with a quartz clockwork (switchable 1, 731 days). Measuring range 0-100%
relative humidity. Accuracy +/- 2.5% of the measgrirange. Temperature range -10 to

+50°C. Accuracy +/- 1%. Inclusive registration dsawith recording period of 7 days and

Piche Evaporation Meter

Simple and cheap instrument for measuring the easipa. A humid filter paper disk is used
here under a glass measuring tube closed at onarghtilled with water. The paper surface
Is constantly wetted. Division 0 - 30 mm. Inclusieeaporation discs and disc holder. The

instrument only indicates the evaporation ratete®le for educational purposes.

Stevenson Screen

This is a specially designed box — like structunestands in which some instruments for

recording weather is kept. A Stevenson screen masrder of characteristics or features.

Important Features of a Stevenson Screen:
It is made up of wood: i.e. to prevent absorptiod eonduction of heat.
Panted white or silver grey;- In order to reflaghshine.

Stands are 1 metre high:- to avoid the influencgrotind conditions.

YV V VYV V V

The sides and floor are made of louvers or slatdltav free circulation of air and to
keep off direct sun rays.
» It has an insulated roof to create a bad conduftbeeat. This is done by creating an

air space between the layers of the roof.
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» The roof is slanting to avoid the accumulation atatjnation of rain water.
» It stands on grass covered ground.

» ltis fixed or placed far from buildings or obst&€lto avoid any interference.

Campbell-Stokes Sunshine Recorders

Principles and Structure

A Campbell-Stokes sunshine recorder concentratebghti through a glass sphere onto a
recording card placed at its focal point. The langtthe burn trace left on the card represents

the sunshine duration.

The focus shifts as the sun moves, and a burn itsaledt on the recording card at the focal
point. A burn trace at a particular point indicaties presence of sunshine at that time, and the
recording card is scaled with hour marks so thatetkact time of sunshine occurrence can be
ascertained. Measuring the overall length of buawéds reveals the sunshine duration for that
day. For exact measurement, the sunshine recordst be accurately adjusted for planar
levelling, meridional direction and latitude. CanepStokes and Jordan sunshine recorders
mark the occurrence of sunshine on recording papea position corresponding to the
azimuth of the sun at the site, and the time ofskume occurrence is expressed in local

apparent time.

Reading of Recording Paper

To obtain uniform results for observation of sunghiduration with a Campbell-Stokes

sunshine recorder, the following points should beed when reading records:

(a) If the burn trace is distinct and rounded ateéhds, subtract half of the curvature radius of
the trace’s ends from the trace length at both .eddsally, this is equivalent to subtracting

0.1 hours from the length of each burn trace.
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(b) If the burn trace has a circular form, take thdius as its length. If there are multiple
circular burns, count two or three as a sunshimataun of 0.1 hours, and four, five or six as

0.2 hours. Count sunshine duration this way ind@nants of 0.1 hours.

(c) If the burn trace is narrow, or if the recoglicard is only slightly discoloured, measure its

entire length.

(d) If a distinct burn trace diminishes in width aythird or more, subtract 0.1 hours from the
entire length for each place of diminishing widttawever, the subtraction should not exceed

half the total length of the burn trace.

Jordan Sunshine Recorders

A Jordan sunshine recorder lets in sunlight throagbmall hole in a cylinder or a semi-
cylinder onto photosensitized paper set insidecti@der on which traces are recorded. One
common type has two hollow semicylinders arrangadklio back with their flat surfaces

facing east and west

(a). Each flat surface has a small hole in it. Joelan sunshine recorder used by JMA is the

same in principle, but consists of a hollow cylindath two holes.

(b). The instrument has its cylinders inclinedhe televant latitude and their axes set in the
meridional direction. Photosensitized paper withirae scale printed on it is set in the

cylinders in close contact with the inner surfadéhen direct solar radiation enters through
the hole, the paper records the movement of theaswunline. Sunshine duration is ascertained

by measuring the length of time the paper was esghts sunlight

Radiometers (Solar Radiation Measuring Instruments)
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A radiometer absorbs solar radiation at its sensansforms it into heat and measures the
resulting amount of heat to ascertain the levedaér radiation. Methods of measuring heat
include taking out heat flux as a temperature chafuging a water flow pyrheliometer, a
silver-disk pyrheliometer or a bimetallic pyranggnq or as a thermoelectromotive force
(using a thermoelectric pyrheliometer or a thermcieic pyranometer). In current operation,

types using a thermopile are generally used.

The radiometers used for ordinary observation amhghometers and pyranometers that
measure direct solar radiation and global solaiateh, respectively, and these instruments

are described in this section.

For details of other radiometers such as measumstguments for diffuse sky radiation and
net radiation, refer to "Guide to Meteorologicaktiuments and Observation Methods” and
“Compendium of Lecture Notes on Meteorological fastents for Training Class Il and

Class IV Meteorological Personnel” published by WMO
Evaporation pan

The class-A evaporation pan is used to determiaeWaporation rate of open water. The pan
has a 1206 mm diameter and an inside height o254 an evaporation area of 1.15 m and
is made of high grade stainless steel. The evapargan is supplied complete with highly
qualified evaporation micrometer and stilling wélMtave dampening cylinder), water level

and wooden support for evaporation pan. Measuange of the evaporation micrometer

100 mm with accuracy 0.02 mm. For a more exact aiséhe evaporation pan it is

recommended to use an additional wind path meter.

For automatic measurement of the evaporation usdeanade of a level sensor. The level

sensor consists of a sensitive pressure transdhugkenn stainless steel housing. The sensor
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has a pressure range of 0-20 mbar, accuracy 0,2%%h. output signal 0-20 mA, power
supply voltage 8-28 V. The sensor is supplied Bithh cable. The sensor is read-out with a
datalogger. To configure and read-out the datalogge to process the measuring data, use is

made of the evaporation pan software.

Wind or Weather vanes

Weather vanes are one of the oldest of all weattstruments, working by swinging around
in the wind to show which direction it is blowingom. Traditionally, weather vanes had a
religious importance and appeared in the form adttvercocks on church roofs as early as the
9th Century AD. The head of the cockerel would poito the wind, indicating the direction
the wind was blowing from. Weather vanes now apjrear wide variety of forms and it is
even possible to make your own. Keep an eye ouwkather vanes and see how many

different types you see

Wind Stocks

Another device used to measure the wind is a wawtt.sThis instrument is found mainly at
airports, seaports and other open areas such astanowoads where a very visual indication
of the wind is needed. Wind socks actually showhlibe direction and speed of the wind.
The direction is shown when the wind blows into dpen end and the sock points the way
the wind is blowing. An indication of wind strength given by the shape and movement of
the wind sock. If it is flapping about gently thénd is only light, whereas if it sticks out in a
straight line the wind is much stronger. This mfation is very useful to people on both
ships and planes, and sometimes to car driverslfogmu want to discover more about wind

socks, why not make one for yourself

Anemometer
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The cup anemometer is at present the standardunmstit used for mean wind speed
measurement in wind energy. It is being appliettigh numbers around the world for wind
energy assessments. It is also applied exclusivety accredited power performance
measurements for certification and verificationgmses, and for purposes of optimisation in
research and development. The little cups on thiscd catch the wind and spin round at
different speeds according to the strength of thedw A recording device is used to count
how many times they spin round in a given timeydéi have ever seen an anemometer, you

will have noticed that the cups spin round very fias strong breeze.

3.4 MEASUREMENT OF WIND SPEED AND DIRECTION

Wind speed is the average velocity at which therawels over a one-minute period and is
measured in nautical miles per hour (NM/H or knot$)e display is in miles per hour (mph),

with the knots in parentheses.

Wind speed has always meant the movement of anioutside environment, but the speed
of air movement inside is important in many aréaduding weather forecasting, aircraft and

maritime operations, building and civil engineerihfigh wind speeds can cause unpleasant
side effects, and strong winds often have speaahas, including gales, hurricanes, and

typhoons

Wind speed is typically judged as the velocity ahdv Most measurements of air movement
are taken of outside air, and there are severtrathat can affect it. Average wind speed is
often determined by an anemometer and is usuaiggoazed in a standardized measurement

scale, called the Beaufort Scale.

Factors Affecting Wind Speed
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Wind speed is affected by a number of factors andhtsons, operating on varying scales
(from micro to macro scales). These include thesquree gradient, Rossby waves and jet
streams, and local weather conditions. There ae lalks to be found between wind speed
and wind direction, notably with the pressure geatliand surfaces over which the air is

found.

Pressure gradient is a term to describe the difterén air pressure between two points in the
atmosphere or on the surface of the Earth. Ittsl ¥ wind speed, because the greater the
difference in pressure, the faster the wind flof&sng the high to low pressure) to balance out
the variation. The pressure gradient, when combm#dthe Coriolis Effect and friction, also

influences wind direction.

Rossby waves are strong winds in the upper tropospi hese operate on a global scale and
move from West to East (hence being known as Wester The Rossby waves are

themselves a different wind speed from what we e&pee in the lower troposphere.

Local weather conditions play a key role in inflogrg wind speed, as the formation of
hurricanes, monsoons and cyclones as freak weath@titions can drastically affect the

velocity of the wind.

The major factors that influence wind speed, thestmimportant is called the pressure
gradient, created by a graduated disparity in gbimesc pressure that occurs in different
places. Some areas have low pressure, while ottears higher pressure. For example, a
valley may have a higher atmospheric pressure tti@peak of a mountain that is only a few

miles away. Usually, the pressure increases grhdoetween both points

An anemometer measures the force or speed of theé Wi common anemometer uses cups
mounted on four horizontal arms at equal distanoe feach other on a vertical shaft. The air

flow past the cups turns the cups in proportiotheospeed of the wind.
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Many anemometers convert the revolutions per mimtte wind speed measured in several

different ways:

MPH (miles per hour) — unit of speed measuring the memof miles covered in a period of

one houir.

Knots — unit of speed measuring one nautical mile per hour

M/S (meters per second) — unit of speed measuringhtimeber of meters covered in one

second.

FI/S (feet per second) — unit of speed that tells thalver of feet covered in one second.

KM/H (kilometres per hour) — unit of speed that tells the number of kilomettevered in

one hour.

Information about wind speed, collected from anemi@rs world-wide, is used by weather

forecasters, pilots, sailors, scientists and buslder planning and management purpose

A crane operator, for example, needs to know wpekd and direction when there are plans
to operate a tall crane. A landfill must know trehaviour of the wind in order to maintain
odour control. The speed at which the wind is mgwime clouds is especially important in

forecasting (predicting) the weather.

Wind Direction

Wind direction is reported by the direction fromiatit originates. For example, a northerly
wind blows from the north to the south. Wind direct is usually reported in cardinal
directions or in azimuth degrees. So, for examplejnd coming from the south is given as

180 degrees; one from the east is 90 degrees.
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Winds are caused by many different climactic coodd. The ocean currents, temperature
and air pressure have a large impact of wind doecWhen two areas have different levels
of air pressure, air tends to flow from the higlegsure area into the low-pressure area to
balance the system, creating winds. Often, presgliffierences are accompanied by

rainstorms, or even tornadoes or hurricanes

Wind direction is the direction from which a windginates. It is usually reported in cardinal

directions or in azimuth degrees.

There are a variety of instruments used to measurd direction, such as the wind stocks
and wind vane. Both of these instruments work byinmg to minimize air resistance. The
way a weather vane is pointed by prevailing winudidates the direction from which the
wind is blowing. The larger opening of a windsoacds the direction that the wind is

blowing from; its tail with the smaller opening pts in the direction the wind is blowing.

True Wind Direction Indicators

1. Flags and Windsocks: Flags and windsocks arexaallent way to determine where the
true wind is coming from. This does not includeag$ or windsock on the boat or other boats
that may be moving. It has to be a stationary dbjecgive an accurate true direction,

otherwise you'll get the apparent direction instead

2. Smoke Stacks: Smoke coming from a smoke staltkhelp to give an indication of the
true direction. Smoke will fly away from the trugattion. Steam can also give an indication

of the direction, but tends to dissipate quicklyking it hard to follow.

3. Water Surface: The surface of the water carcatdithe true direction of the wind. Water

will create wavelets that are horizontal to thetdirection.
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4. Boats Anchored or Moored: When a boat is anehoremoored, it will sway away from
the wind and its bow will eventually face intolits important to keep in mind that the current
may affect how the boat is positioned in the waser,this method may only provide an

approximation of the true direction.

5. Trees and Plants: If the wind is strong enoughmbve a tree then it can be used to
determine the direction of the true wind. In thd, feaves falling to the ground or pollen

moving through the air can also be used to undeddtae changing patterns in the area.

Apparent Wind Direction Indicators

1. Masthead Wind Indicator: One of the best wayddtermine the apparent wind direction
on your boat is to use a masthead indicator. Thethead indicator is impacted by the
direction of the boat as it moves through the watewell as the true wind. It will give you an
accurate account of how the wind is acting on ymoat at any point in time. You can also
check out the masthead indicators of other boatletermine how the wind is affecting them

and what may be coming your way.

2. Club Burgee: Another method to determine theasgut wind is to look at club burgees.
Like the masthead indicator, it will provide an a@ate assessment of the current apparent

direction.

3. Face: The feeling of the wind on your face wiyitei're on the boat will provide a rough

estimate of the apparent direction. Trust yournmass and they will help you guide the boat.

4. Testing the Wind: If a masthead indicator iswailable, you can always test the wind by
turning the boat into the wind until the sails ego Iuff. This will give you a rough

indication of the apparent direction based on tigeeof the 'no go' zone.

92



5. String: Another method of determining the apptamirection is attaching a string to a
shroud. The string will fly away from the apparanbd and can be used as a continual visual
indicator while you are sailing. This method isasdurite among many sailors since you don't
have to strain to look up at the masthead indicdtoaddition, many strings can be tied to

several places on the shrouds to see how the wimadpacting different parts of the boat.

Method of Determine Wind Speed and Direction

Wind-sock Method

» Suspend a wind-sock on a tall pole that is umobtd from the wind by buildings, trees,
etc. Note the direction of wind using a compasdeNbat direction is measured in degrees so
a wind from the east (easterly) is recorded as 808, from the south-east as 135°.Take

readings in the morning and afternoon.

Wind vane Method

* A more accurate way is to use a wind vane, orXE)6t (1.8-3.0 m) pole, connected to a
meter or data logger. Recordings can be averagiéy alad plotted as a radial diagram

Anemometer Method

» Measure wind speed in an unobstructed area. th@lchnemometer or pitot gauge tube at

arm’s length and read off the wind speed in kiloe®per hour.

« Some gauges will give a number against the péh gath that is converted on a table to

kilometres per hour.

» Daily statistics can be more easily obtained fram electronic anemometer wired to a

meter/data logger.

* Repeat at the same time each day.
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4.0 CONCLUSION

5.0 SUMMARY

6.0 TUTOR- MARKED ASSIGNMENT

1. What are the factors influencing weather anchate

2. Write short note on all element of weather dindate

3. Write short note on any five of a standard metlegical equipment

4. List and explain the true and apparent windatiioa indicators
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UNIT 3: RADIATION AND MEASUREMENT

1.0 INTRODUCTION

2.0 AIMS AND OBJECTIVES

3.0 MAIN CONTENT

3.1 IDENTIFICATION OF MEASUREMENT AND CALIBRATION @& RADIATION

3.2 MEASUREMENT OF DIRECT SOLAR RADIATION

3.3 MEASUREMENT OF TOTAL AND LONG-WAVE RADIATION

3.4 MEASUREMENT OF UV RADIATION

3.5 MEASUREMENT OF SUNSHINE DURATION

3.6 MEASUREMENT OF SOLAR RADIATION

4.0 CONCLUSION

5.0 SUMMARY

6.0 TUTOR- MARKED ASSIGNMENT

7.0 REFERENCES/FURTHER READINGS
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UNIT 3: RADIATION AND MEASUREMENT

1.0 INTRODUCTION

Radiation quantities may be classified into twougp® according to their origin, namely solar

and terrestrial radiation.

Solar energy is the electromagnetic energy emiitethe sun. The solar radiation incident on
the top of the terrestrial atmosphere is calledagatrestrial solar radiation; 97 per cent of
which is confined to the spectral range 290 to 3@@0are called solar (or sometimes short-
wave) radiation. Part of the extra-terrestrial sodaliation penetrates through the atmosphere
to the Earth’s surface, while part of it is scatteand/or absorbed by the gas molecules,

aerosol particles, cloud droplets and cloud crgstathe atmosphere.

Terrestrial radiation is the long-wave electromdgnenergy emitted by the Earth’s surface
and by the gases, aerosols and clouds of the abtmspt is also partly absorbed within the
atmosphere. For a temperature of 300 K, 99.99 pat of the power of the terrestrial

radiation has a wavelength longer than 3 000 nmadnodit 99 per cent longer than 5_000 nm.

For lower temperatures, the spectrum is shiftddriger wavelengths.

The various fluxes of radiation to and from thetEarsurface are among the most important
variables in the heat economy of the Earth as alevand at any individual place at the
Earth’s surface or in the atmosphere. Radiationsomeanents are used for the following

purposes:

(a) To study the transformation of energy withire tkarth-atmosphere system and its

variation in time and space;

(b) To analyse the properties and distribution bé tatmosphere with regard to its

constituents, such as aerosols, water vapour, 9amaeso on;
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(c) To study the distribution and variations ofanang, outgoing and net radiation;

(d) To satisfy the needs of biological, medicalyri@agtural, architectural and industrial

activities with respect to radiation;

(e) To verify satellite radiation measurements algorithms.

Measurement methods

Meteorological radiation instruments are classifisthg various criteria, namely the type of

variable to be measured, the field of view, thectjaéresponse, the main use etc

Absolute radiometers are self-calibrating, meaniag the irradiance falling on the sensor is
replaced by electrical power, which can be acclyateasured. The substitution, however,
cannot be perfect; the deviation from the ideabadstermines the uncertainty of the radiation

measurement.

Most radiation sensors, however, are not absolutienaust be calibrated against an absolute
instrument. The uncertainty of the measured vatherefore, depends on the following

factors, all of which should be known for a welbechacterized instrument:

(a) Resolution, namely, the smallest change irrdde&tion quantity which can be detected by

the instrument;

(b) Drifts of sensitivity (the ratio of electricalutput signal to the irradiance applied) over
time

(c) Changes in sensitivity owing to changes of emmental variables, such as temperature,

humidity, pressure and wind;

(d) Non-linearity of response, namely, changesdnsgivity associated with variations in
irradiance;
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(e) Deviation of the spectral response from thastylated, namely the blackness of the

receiving surface, the effect of the aperture wimdand so on;

(f) Deviation of the directional response from tlpatstulated, namely cosine response and

azimuth response;

(g) Time-constant of the instrument or the meagusiystem;

(h) Uncertainties in the auxiliary equipment.

Instruments should be selected according to theruse and the required uncertainty of the
derived quantity. Certain instruments perform befite particular climates, irradiances and

solar positions

2.0 AIMS AND OBJECTIVES

1. Identification of measurement and calibratiomaafiation

2. To examine the measurement and instrument af sadliation

3 To examine the measurement and instrument dfdothlong-wave radiation

4. To examine the measurement and instrument U\VaRad

5. To examine the measurement and instrument chsoam duration

3.0 MAIN CONTENT

3.1 Measurement of Solar Radiation

Everything in nature emits electromagnetic eneeg solar radiation is energy emitted by
the sun. The energy of extraterrestrial solar tawhais distributed over a wide continuous
spectrum ranging from ultraviolet to infrared rays.this spectrum, solar radiation in short

wavelengths (0.29 to 3.0 m) accounts for about&égmt of the total energy
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Solar radiation is partly absorbed, scattered afldated by molecules, aerosols, water vapor
and cloudsnas it passes through the atmospherdlifdwt solar beam arriving directly at the
earth’s surface is calledmdirect solar radiatiome Total amount of solar radiation falling on a
horizontal surface (i.e. the direct solar beam pliffuse solar radiation on a horizontal

surface) is referred as global solar radiation.

Direct solar radiation is observed from sunrisestmset, while global solar radiation is
observed in the twilight before sunrise and aftanset, despite its diminished intensity at

these times.

The solar irradiance is expressed in watts perregoeeter (W/m2) and the total amount in
joules per square meter (J/m2). Conversion betwkencurrently used unit (SI) and the
former unit (calories) can be performed using tbkowing formulae: Solar irradiance: 1

kW/m2 = 1.433 cal/cm2/min. Total amount of solatiaéion: 1 MJ/m2 = 23.89 cal/cm?2

Measurement methods

The principles used for measuring sunshine duradiwh the pertinent types of instruments

are briefly listed in the following methods:

(a) Pyrheliometric method: Pyrheliometric detectadrihe transition of direct solar irradiance
through the 120 W m-2 threshold (according to Renendation 10 (CIMO-VIII)). Duration
values are readable from time counters triggeredhbyappropriate upward and downward

transitions.

Type of instrument: pyrheliometer combined with elactronic or computerized threshold

discriminator and a time-counting device.

(b) Pyranometric method:
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(i) Pyranometric measurement of global (G) andud#éf (D) solar irradiance to derive the

direct solar irradiance as the WMO threshold disgrator value and further as in (a) above.

Type of instrument: Radiometer systems of two digranometers and one sunshade device
combined with an electronic or computerized thré&shdiscriminator and a time-counting

device.

(i) Pyranometric measurement of global (G) solaadiance to roughly estimate sunshine

duration.

Type of instrument: a pyranometer combined with ed@ctronic or computerized device
which is able to deliver 10 min means as well asimiim and maximum global (G) solar

irradiance within those 10 min.

(b) Burn method: Threshold effect of burning papmused by focused direct solar radiation

(Heat effect of absorbed solar energy). The dunasaead from the total burn length.

Type of instrument. Campbell-Stokes sunshine resrstdespecially the recommended

version, namely the IRSR (see section 8.2).

(c) Contrast method: Discrimination of the insadaticontrasts between some sensors in
different positions to the sun with the aid of @apc difference of the sensor output signals
which corresponds to an equivalent of the WMO reoemded threshold (determined by

comparisons with reference SD values) and furteen éb) above.

Type of instrument: Specially designed multisensaigtectors (mostly equipped with

photovoltaic cells) combined with an electronicodisinator and a time counter.
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(d) Scanning method: Discrimination of the irragiareceived from continuously scanned,
small sky sectors with regard to an equivalent lvé ¥WMO recommended irradiance

threshold (determined by comparisons with refere3idevalues).

3.1.1 Measurement of Direct Solar Radiation

Direct solar radiation is measured by means of gligmeters, the receiving surfaces of
which are arranged to be normal to the solar doectBy means of apertures, only the
radiation from the sun and a narrow annulus of skymeasured, the latter radiation
component is sometimes referred to as circumsaldiation or aureole radiation. In modern
instruments, this extends out to a half-angle afual?2.5° on some models, and to about 5°
from the sun’s centre (corresponding, respectivady6 - 10-3 and 2.4 - 10-2 sr). The
pyrheliometer mount must allow for the rapid andosth adjustment of the azimuth and
elevation angles. A sighting device is usually ugigd in which a small spot of light or solar
image falls upon a mark in the centre of the takgkén the receiving surface is exactly
normal to the direct solar beam. For continuousnding, it is advisable to use automatic sun

following equipment (sun tracker).

Primary standard Pyrheliometers

An absolute pyrheliometer can define the scale abéltirradiance without resorting to
reference sources or radiators. The limits of uagety of the definition must be known; the
quality of this knowledge determines the reliabildf an absolute pyrheliometer. Only
specialized laboratories should operate and mainpaimary standards. Details of their
construction and operation are given in WMO (1986Hpwever, for the sake of

completeness, a brief account is given here.

All absolute pyrheliometers of modern design useities as receivers and electrically

calibrated, differential heatflux meters as sens@tresent, this combination has proved to
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yield the lowest uncertainty possible for the réidia levels encountered in solar radiation

measurements (namely, up to 1.5 kW m-2).

Normally, the electrical calibration is performegteplacing the radiative power by electrical
power, which is dissipated in a heater windinglasecas possible to where the absorption of

solar radiation takes place.

The uncertainties of such an instrument’'s measunesnare determined by a close
examination of the physical properties of the mmstent and by performing laboratory
measurements and/or model calculations to deterthieedeviations from ideal behaviour,

that is, how perfectly the electrical substitut@an be achieved.

3.2 Measurement of total and Long-Wave Radiation

The measurement of total radiation includes botrtsivavelengths of solar origin (300 to

3 000 nm) and longer wavelengths of terrestrial amiospheric origin (3_000 to 100_000
nm). The instruments used for this purpose areapywmeters. They may be used for
measuring either upward or downward radiation ffomponents, and a pair of them may be

used to measure the differences between the twichudthe net radiation. Single-sensor

pyrradiometers, with an active surface on both sidee also used for measuring net
radiation. Pyrradiometer sensors must have a aoins¢asitivity across the whole wavelength

range from 300 to 100_000 nm.

Instruments for the measurement of total radiation

One problem with instruments for measuring totaliaton is that there are no absorbers
which have a completely constant sensitivity oviee textended range of wavelengths
concerned. Similarly it is difficult to find suitéb filters that have constant transmission

between 300 and 100000 nm.
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The use of thermally sensitive sensors requiresaa gcnowledge of the heat budget of the
sensor. Otherwise, it is necessary to reduce sarwwrective heat losses to near zero by
protecting the sensor from the direct influenceh&f wind. The technical difficulties linked
with such heat losses are largely responsible lier fact that net radiative fluxes are
determined less precisely than global radiatioxetu In fact, different laboratories have
developed their own pyrradiometers on technicabdashich they consider to be the most
effective for reducing the convective heat trangfiethe sensor. During the last few decades,
pyrradiometers have been built which, although petfect, embody good measurement
principles. Thus, there is a great variety of pgiwaneters employing different methods for

eliminating, or allowing for, wind effects, as folls:

(a) No protection, in which case empirical formudaie used to correct for wind effects;

(b) Determination of wind effects by the use ofcéieal heating;

(c) Stabilization of wind effects through artifitigentilation;

(d) Elimination of wind effects by protecting thensor from the wind.

3.3 Measurement of UV Radiation

Measurements of solar UV radiation are in demarwhixee of its effects on the environment
and human health, and because of the enhancemeatliafion at the Earth’s surface as a
result of ozone depletion (Kerr and McElroy, 1998he UV spectrum is conventionally

divided into three parts, as follows:

(@) UV-A is the band with wavelengths of 315 to 4980, namely, just outside the visible
spectrum. It is less biologically active and it¢emmsity at the Earth’s surface does not vary

with atmospheric ozone content;
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(b) UV-B is defined as radiation in the 280 to 31h band. It is biologically active and its
intensity at the Earth’s surface depends on theogpimeric ozone column, to an extent
depending on wavelength. A frequently used expoessif its biological activity is its

perythemal effect, which is the extent to whichatises the reddening of white human skin;

(c) UV-C, in wavelengths of 100 to 280 nm, is coetely absorbed in the atmosphere and

does not occur naturally at the Earth’s surface.

UV-B is the band on which most interest is centffimdmeasurements of UV radiation. An
alternative, but now nonstandard, definition of blmeindary between UV-A and UV-B is 320

nm rather than 315 nm.

Measuring UV radiation is difficult because of thmall amount of energy reaching the
Earth’s surface, the variability due to changestimtospheric ozone levels, and the rapid

increase in the magnitude of the flux with incregsivavelength

Instruments

Three general types of instruments are availabtencercially for the measurement of UV
radiation. The first class of instruments use bbaad filters. These instruments integrate
over either the UV-B or UV-A spectrum or the entm@adband UV region responsible for
affecting human health. The second class of ingnismuse one or more interference filters
to integrate over discrete portions of the UV-A fandJV-B spectrum. The third class of
instruments are spectroradiometers that measuossaarpre-defined portion of the spectrum

sequentially using a fixed passband.

34 Measurement of Sunshine Duration

Sunshine duration is the length of time that theugd surface is irradiated by direct solar

radiation (i.e., sunlight reaching the earth's acefdirectly from the sun). In 2003, WMO
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defined sunshine duration as the period during lwhdaect solar irradiance exceeds a
threshold value of 120 watts per square meter (\W/iftas value is equivalent to the level of

solar irradiance shortly after sunrise or shoriydoe sunset in cloud-free conditions. It was
determined by comparing the sunshine duration dsmbusing a Campbell-Stokes sunshine

recorder with the actual direct solar irradiance.

Sunshine Duration Measuring Instruments

Campbell-Stokes sunshine recorders and Jordan isensgtorders have long been used as
instruments to measure sunshine duration, andds@ngageous in that they have no moving
parts and require no electric power. Their disathges are that the characteristics of the
recording paper or photosensitized paper used @mtlaffect measurement accuracy,
differences between observers may arise in detaigime occurrence of sunshine, and the
recording paper must be replaced after sunset. ukshéne is defined quantitatively at
present, a variety of photoelectric sunshine rem@rthas been developed and is used in place
of these instruments. As the threshold value ferabcurrence of sunshine is defined in terms

of direct solar irradiance, it is also possibl@bserve sunshine duration with a pyrheliometer.

4.0 CONCLUSION

Sunshine recorders and radiometers should be ledtal a location where solar radiation is
not shaded by trees or buildings in any season Bommise to sunset and where there are no
smoke emission sources. Pyranometers in particghlauld be installed at a site where the
instrument is not influenced by intense reflectightl from the wall surfaces of buildings.
Usually, such instruments are installed on rooftopsowers, but the convenience of routine
maintenance and checking tasks such as cleanirigeosensor part should be taken into

consideration.
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When installing a sunshine duration or solar ragiiainstrument, it must be set properly
using a spirit level. It must also be orientedhe prescribed direction using the meridional
plane as reference with its elevation angle sé¢tedatitude of the site. It should be checked
that the pyranometer’s output does not fluctuaterwthe sensor rotates in clear weather.

5.0 SUMMARY

6.0 TUTOR- MARKED ASSIGNMENT

1. Write short note on the following;

a. Sunshine duration

b. UV radiation

c. Long-wave radiation

2. Give a detail description of measurement antiungent of solar radiation

3 Give a detail account of the measurement ancuimgint of total and long-wave radiation
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Unit 4. Temperature and Measurement

1.0 Introduction

Temperature is a measure the sensation of warmtbldness of an object, felt from contact
with it. This sensation of touch gives an approxenar relative measure of the temperature.
Temperature is measured in different scales, imetud-ahrenheit (F) and Celsius (or
centigrade, C). The units of the Fahrenheit andsiGelscales are called degrees and are
denoted by. Swedish astronomer Anders Celsius elg\vise Celsius scale in 1742. He fixed

the of the scale at the freezing of water, andhtttee boiling of water
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In simple terms, temperature is the ‘degree of égghof an object or, more specifically in

science and technology, the ‘potential for heatsfer’.

A proper understanding of what it is, and how lates to heat, was only developed in the
mid-to-late nineteenth century, when it was redlif®t it is a measure of the average energy
of an ensemble of particles at equilibrium. Thetipees may be the atoms or molecules of a
gas, a liquid or a solid, but they may also be‘pi®tons’ of electromagnetic radiation inside

a closed blackbody cavity.

If two objects are placed in contact, heat wilMflérom the hotter to the colder. Eventually,
when no more heat flows, we can say that they aemuailibrium with each other and that
their temperatures are the same. We use this gyopemeasuring temperature when we
place a thermometer in contact with an objectrrdaling of the thermometer after they have

reached equilibrium tells us what the temperat@itbeobject is.

It is easy to demonstrate that when two objectshef same material are placed together
(physicists say when they are put in thermal cdhtéte object with the higher temperature
cools while the cooler object becomes warmer wuntiloint is reached after which no more
change occurs, and to our senses, they feel the. 3&men the thermal changes have stopped,
we say that the two objects (physicists define tineone rigorously as systems) are in thermal
equilibrium. We can then define the temperaturthefsystem by saying that the temperature

is that quantity which is the same for both systarhen they are in thermal equilibrium.

If we experiment further with more than two systeme find that many systems can be
brought into thermal equilibrium with each othdretmal equilibrium does not depend on the
kind of object used. Put more precisely, if twoteyss are separately in thermal equilibrium
with a third, then they must also be in thermalildgrium with each other, and they all have

the same temperature regardless of the kind oésysthey are.
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Strictly this is the ideal case — to come to efuilim they must be isolated from any other
objects and their surrounding environment. We walt like the thermometer to be small
enough that it does not upset the temperatureeobtiject under measurement. Many of the

difficulties of measuring temperature come fromiacimg these conditions.

Further ideas about temperature and its signifieang@hysics and engineering came through
the development of the second law of thermodynamiudsch considers the fundamental
limits to the conversion of heat into work. Theyeadiscussed in textbooks of

thermodynamics.

The important point to note here is that the seclawd shows how a ‘thermodynamic’
(absolute) temperature can be derived as a fundahygrameter of physics and chemistry,
independent of any particular material propertke(lithe expansion of a liquid or the
resistance of a wire). Thus experiments to measaenodynamic temperature, for example
using the fundamental laws governing the propedfegases or thermal radiation, should all
give the same results. Such experiments are vdfigulli and time-consuming, but they
nevertheless form the basis of the temperature stsa#d in science, technology and everyday

life.

To put the measurement of temperature on a quawditand objective basis, with sufficient
accuracy, we need an agreed unit and temperatate, snd reliable thermometers to work

with

The accurate measurement of temperature is vitedsaca broad spectrum of human
activities, including industrial processes (e.g.kmg steel), manufacturing; monitoring (in
food transport and storage), and in health andtysata fact, in almost every sector,

temperature is one of the key parameters to beures
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The two temperature scales commonly in use tods&g fdam the eighteenth century and are
named after Gabriel Daniel Fahrenheit and the Ssheastronomy professor Anders Celsius.
Fahrenheit designed his scale to have two referguoets that could be set up in his
workshop. He originally chose the melting pointpoire ice and the temperature of a normal
human body, which he took as being 32° and 96°edsly. These conveniently gave
positive values for all the temperatures he enarent Later he changed to using the boiling

point of water (212°) as the upper fixed pointloé scale.

Celsius also used the ice and steam points, butttaam to be 0°C and 100°C respectively.
Although the Celsius scale has taken precedencetbgdg-ahrenheit scale, the latter is still
familiar in weather reports in the United Kingdom:summer’'s day temperature of 75°F

seems much more pleasant than one of 23°C!

A third, fundamental, temperature scale was proppdeel854 by the Scottish physicist
William Thomson, Lord Kelvin. It is based on thee@of the absolute zero, the point of no
discernible energy, which is independent of anytipaar material substance. The Kelvin
scale is widely used by physicists and engineedetermine and apply fundamental laws of

thermodynamics.

2.0 AIMS AND OBJECTIVES

1. To examine the evolution and growth of the ush@mometer

2. Type and classification of thermometer

3. To examine the development of thermometerdemgerature scales

4. Kinetic theory

111



3.0 MAIN CONTENT

3.1 History of Thermometry

A thermometer is used to measure the temperatuaa object — it is used to find how cold or
hot the object is. Galileo invented a rudimentagter thermometer in 1593. He called this
device a "thermoscope”. However, this form wasffaotive as water freezes at low
temperatures. In 1714, Gabriel Fahrenheit invenited mercury thermometer, the modern
thermometer. The long narrow uniform glass tubeaibed the stem of a thermometer. The
small tube called the bulb, which contains mercigrcury is toxic, and it is very difficult to

dispose it when the thermometer breaks. So, novgadayital thermometers are used to

measure the temperature, as they do not contaicunyer

Auxiliary scale Main scale
\ 1 1 1
(o)
Bulb Stezm Contraction Expansion
Chamber chamber

The mercury-in-glass thermometer illustrated in dabeve figure contains a bulb filled with
mercury that is allowed to expand into a capilldty.rate of expansion is calibrated on the

glass scale.

The most significant 17th century contribution be study of heat was the appearance of the
thermometer (ref. 5), a term apparently first udeg Leurchon in 1626. The first
thermometers, introduced early in the century, waereghermometers, of which there were
two types: the open (Italian) and the differen{i2utch) . The discovery of the former has
been popularly associated with Galileo, but thedence is inconclusive, being based on
assertions by his friends and pupils. Independestodery has also been attributed to

Santorio Santorii and Robert Fludd. The first knadescription of an open air thermometer

Is that of Santorio Santorii in 1611, and the fdistgram is that in the Telioux manuscript
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(Rome, 1611) (ref. 6). The discovery of the diffaral air thermometer is usually attributed
to Cornelius Drebbel. Air thermometers were qudaenmon in the second quarter of the 17th
century, but, with the awareness (from the 1640s¢h® variability of atmospheric pressure,
the main defect of the open variety (i.e. its resm@oto pressure as well as temperature

changes) became apparent.

For liquid—in—glass thermometers, the question istavery is less ambiguous. The open

variety was invented by Jean Rey, a French dowstioglin the Dordogne, before 1632. Two

sealed varieties (Florentine thermometers) , tmeili@ liquid-in-glass model and another
based on changes in liquid density with temperaturere invented by the Grand Duke
Ferdinand Il of Tuscany, a member of the Medici ifgraround the mid-I7th century. Such
thermometers, particularly the usual liquid-in—glagpe, were widely used. Various liquids,
including mercury, were tried, but initially spiaf wine was preferred because of its greater
coefficient of thermal expansion. In 1713 Daniel b@al Fahrenheit (1686-1736)
experimented with the use of mercury, and four ydater he began to make mercury—in-
glass thermometers commercially. These and imitattbereof soon became the most widely

used model.

In the second half of the 17th century, the neadafsatisfactory temperature scale was
recognised; in the 1660s, for example, the Royaliédp of London, Huygens, and Boyle

independently referred to the importance of makihgrmometers comparable. An early
attempt to do so was that of Robert Hooke in hisrbtiraphia (1665); this scale was based
on a single fixed point (the freezing point of wate and the degree corresponded to a
particular fractional change (1/1000) in the voluohe liquid (spirit of wine). There followed

a proliferation of temperature scales (refs 5,ti¢; mid-18th century saw thermometers with

more than a dozen scales attached. Only threevedinmto the 19th century: the Raumur,
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Celsius and Fahrenheit scales. These were baswebdixed points, although the first started
off as a one fixed point scale. Eventually, thetmgland boiling points of water became the
accepted fixed points, but doubts about the congtaf these lingered well into the 18th
century. In the 1690s, Halley and Amontons indepetig reported the constancy of the
boiling point of water, but some doubted this (f8f. It was fairly widely believed that the

freezing point of water was lower in cold climaesf. 7).

Early Thermometric Studies

Thermometric measurements from the mid—I7th tortin@-18th century yielded many, now
familiar results: thermal equilibrium, thermal exg#on, the constancy of melting and boiling
points at constant pressure, their variations wilessure, the temperature changes
accompanying many chemical reactions, the depmssidthe freezing point when salts are
added to water, and so on. It is sometimes diffitulappreciate that such results were often

controversial.

The means of accurately measuring temperaturedongsfascinated people. One of the
differences between temperature and other physwalepts, such as mass or length, is that it
is subjective: different people will have differgmérceptions of what is hot and what is cold.
To make objective measurements, we must use a dheeter in which some physical

property of a substance changes with temperatuagatiable and reproducible way.

Thermoscopes, the ancestors of modern thermomatars,been around since about 200 BC.
The first recognisable, modern thermometers werdema the 16th century by both the
Italian Galileo Galilei and Santorio Santorio, aypitian to the King of Poland. The latter
produced a thermometer incorporating a scale, aavhitings show that he understood the
importance of the temperature measurement in thgndsis of disease. The first sealed

thermometer was made by the Grand Duke Ferdinafddiggany in 1641. This thermometer
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was more accurate than its predecessors sincesit'tin@dependent on atmospheric pressure.
Later, the scientists Fahrenheit and Celsius bo#danglass thermometers containing
mercury, and used reference points (the meltingitpoi pure ice and the boiling point of

water) to improve the accuracy.

3.2  Types and Classification of Thermometer

3.2.1 Types and Classification of Thermometer

Liquid-in-Glass

Liquid-in-glass, in particular mercury, thermomstéave been used for almost 300 years in
science, medicine, metrology and in industry. Thely on the expansion of a fluid with
temperature. The fluid is contained in a sealedgylaulb and the temperature is read using a

scale etched along the stem of the thermometer.

Platinum Resistance

In the modern world, mercury and spirit-filled themeters have largely given way to
electrical devices, which can be digitised and muatied. Platinum resistance thermometers
are electrical thermometers which make use of thiatron of resistance of high-purity
platinum wire with temperature. This variation isreghctable, enabling accurate
measurements to be performed. They are sensitigk @&ith sophisticated equipment,

measurements can routinely be made to better thi@ouaandth part of 1°C.

Thermocouples

Thermocouples are the most common sensors in malusse. They have a long history, the

original paper on thermoelectricity by Seebeck geublished in 1822. They consist of two
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dissimilar metallic conductors joined at the pawfitmeasurement. When the conductors are

heated a voltage is generated in the circuit, hisdcan be used to determine the temperature.

Radiation thermometer (or Pyrometers)

Radiation thermometers, or pyrometers, make ustimeoffact that all objects emit thermal
radiation, as seen when looking at the bars oflectrec fire or a light bulb. The amount of
radiation emitted can be measured and related rgpdeature using the Planck law of
radiation. Temperatures can be measured remotéhyg ubis technique, with the sensor
situated some distance away from the object. Hénseuseful for objects that are very hot,

moving or in hazardous environments.

3.2.2 Classification of Thermometers

There are different types of thermometers that omeathe temperatures of different things
like air, our bodies, food and many other thingsere are clinical thermometers, laboratory
thermometers, Galileo thermometers and digital tentbermometers. Among these, the

commonly used thermometers are clinical thermoreeted laboratory thermometers

Clinical Thermometer

These thermometers are used to measure the teomgeodthe human body, at home, clinics
and hospitals. All clinical thermometers have akkihat prevents the mercury from falling
down rapidly so that the temperature can be nodedeniently. There are temperature scales

on either side of the mercury thread, one in Cslstale and the other in Fahrenheit scale

A clinical thermometer indicates temperatures frlé®0C to 420C or 940F to 1080F, note a
reading, place the thermometer in the person’s moBince the Fahrenheit scale is more
sensitive than the Celsius scale, body temperasumeeasured in degrees Fahrenheit only. A

healthy person’s average body temperature is bet®@@®&0F and 98.80F
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Precautions:

Wash the thermometer before and after use withnaiseptic solution, and handle it with

care.

See that the mercury levels are below the kinkdordt hold the thermometer near its bulb.

While noting down the reading in the thermometéace the mercury level along the eye

sight.

Do not place the thermometer in a hot flame ohahot sun

Laboratory Thermometers

These thermometers are used to measure the teomgeiratschool and other laboratories for
scientific research. They are also used in thestighas they can measure temperatures higher
than what clinical thermometers can record. Thenstad the bulb are longer when compared
to that of a clinical thermometer. A laboratoryrinemeter has only the Celsius scale ranging

from -100 Cto 110 o C.

Precautions:

A laboratory thermometer doesn’t have a kink.

Do not tilt the thermometer. Place it upright.

Note the reading only when the bulb has been soded by the substance from all sides

3.3  The Development of Thermometers and TemperaturBcales

The historical highlights in the development ofrthemeters and their scales given here are

based on "Temperature” by T. J. Quinn and "Heatldyes M. Cork.
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One of the first attempts to make a standard teatypex scale occurred about AD 170, when
Galen, in his medical writings, proposed a standaslitral" temperature made up of equal
quantities of boiling water and ice; on either sidi¢his temperature were four degrees of heat

and four degrees of cold, respectively.

The earliest devices used to measure the temperatere called thermoscopes. They
consisted of a glass bulb having a long tube extgndownward into a container of colored
water, although Galileo in 1610 is supposed to haed wine. Some of the air in the bulb
was expelled before placing it in the liquid, cagsthe liquid to rise into the tube. As the
remaining air in the bulb was heated or cooled,|¢kel of the liquid in the tube would vary

reflecting the change in the air temperature. Agraved scale on the tube allowed for a

quantitative measure of the fluctuations.

The air in the bulb is referred to as the thermoimebedium, i.e. the medium whose property

changes with temperature.

In 1641, the first sealed thermometer that usedidiqather than air as the thermometric
medium was developed for Ferdinand Il, Grand Dukd&@wscany. His thermometer used a
sealed alcohol-in-glass device, with 50 "degreetksi@n its stem but no "fixed point" was

used to zero the scale. These were referred tepast™ thermometers.

Robert Hook, Curator of the Royal Society, in 1&64d a red dye in the alcohol . His scale,
for which every degree represented an equal inarewfevolume equivalent to about 1/500
part of the volume of the thermometer liquid, nekdaly one fixed point. He selected the
freezing point of water. By scaling it in this wayook showed that a standard scale could be
established for thermometers of a variety of sizégok's original thermometer became
known as the standard of Gresham College and wed long the Royal Society until 1709.

(The first intelligible meteorological records ugéds scale).
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In 1702, the astronomer Ole Roemer of Copenhagsadbhis scale upon two fixed points:
snow (or crushed ice) and the boiling point of waded he recorded the daily temperatures at

Copenhagen in 1708- 1709 with this thermometer.

It was in 1724 that Gabriel Fahrenheit, an instmihmeaker of Ddanzig and Amsterdam, used
mercury as the thermometric liquid. Mercury's tharexpansion is large and fairly uniform,
it does not adhere to the glass, and it remaimnguédl over a wide range of temperatures. Its

silvery appearance makes it easy to read.

Fahrenheit described how he calibrated the scal@sofnercury thermometer: "placing the
thermometer in a mixture of sal ammoniac or sei is&, and water a point on the scale will
be found which is denoted as zero. A second peirtbiained if the same mixture is used
without salt. Denote this position as 30. A thirding, designated as 96, is obtained if the
thermometer is placed in the mouth so as to acgbeeheat of a healthy man.” (D. G.

Fahrenheit,Phil. Trans. (London) 33, 78, 1724)

On this scale, Fahrenheit measured the boilingtpmdivater to be 212. Later he adjusted the
freezing point of water to 32 so that the intersatween the boiling and freezing points of
water could be represented by the more rationalbeurt80. Temperatures measured on this

scale are designated as degrees Fahrenheit (° F).

In 1745, Carolus Linnaeus of Upsula, Sweden, desdra scale in which the freezing point
of water was zero, and the boiling point 100, mgkira centigrade (one hundred steps) scale.
Anders Celsius (1701-1744) used the reverse soailghich 100 represented the freezing
point and zero the boiling point of water, stilf, aurse, with 100 degrees between the two

defining points.
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In 1948 use of the Centigrade scale was droppéal/or of a new scale using degrees Celsius
(° C). The Celsius scale is defined by the follogviavo items that will be discussed later in

this essay:

(i) The triple point of water is defined to be 0°(.

(i) A degree Celsius equals the same temperatilaage as a degree on the ideal-gas scale.

On the Celsius scale the boiling point of watestahdard atmospheric pressure is 99.975 C in

contrast to the 100 degrees defined by the Cenlggsaale.

To convert from Celsius to Fahrenheit: multiplyh$ and add 32.

°F=18°C+32

°K=°C+273.

In 1780, J. A. C. Charles, a French physician, sltbwhat for the same increase in
temperature, all gases exhibited the same incr@aseolume. Because the expansion
coefficient of gases is so very nearly the samss, ftossible to establish a temperature scale
based on a single fixed point rather than the twedf point scales, such as the Fahrenheit
and Celsius scales. This brings us back to a theeter that uses a gas as the thermometric

medium.

In a constant volume gas thermometer a large butlh gas, hydrogen for example, under a
set pressure connects with a mercury-filled "marteméy means of a tube of very small
volume. (The Bulb B is the temperature-sensingigorand should contain almost all of the
hydrogen). The level of mercury at C may be adpuigte raising or lowering the mercury
reservoir R. The pressure of the hydrogen gas,wisithe "x" variable in the linear relation

with temperature, is the difference between thelke and C plus the pressure above D.
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P. Chappuis in 1887 conducted extensive studigmefthermometers with constant pressure
or with constant volume using hydrogen, nitrogeamj aarbon dioxide as the thermometric
medium. Based on his results, the Comité Internati@les Poids et Mesures adopted the
constant-volume hydrogen scale based on fixed p@hthe ice point (0° C) and the steam

point (100° C) as the practical scale for interor@i meteorology.

Experiments with gas thermometers have shown theetis very little difference in the
temperature scale for different gases. Thus, iossible to set up a temperature scale that is
independent of the thermometric medium if it isas @t low pressure. In this case, all gases
behave like an "ldeal Gas" and have a very simgligtion between their pressure, volume,

and temperature:

pV= (constant)T.

This temperature is called the thermodynamic teatpes and is now accepted as the

fundamental measure of temperature. Note that ikexaaturally-defined zero on this scale -

it is the point at which the pressure of an idesd  zero, making the temperature also zero.
We will continue a discussion of "absolute zero'aitater section. With this as one point on

the scale, only one other fixed point need be éefiin 1933, the International Committee of

Weights and Measures adopted this fixed point @griple point of water , the temperature at

which water, ice, and water vapor coexist in efquilim); its value is set as 273.16. The unit

of temperature on this scale is called the kelafter Lord Kelvin (William Thompson),

1824-1907, and its symbol is K (no degree symbetius

To convert from Celsius to Kelvin, add 273.

K=°C+ 273.
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Thermodynamic temperature is the fundamental teatyes; its unit is the kelvin which is
defined as the fraction 1/273.16 of the thermodyinatemperature of the triple point of

water.

Sir William Siemens, in 1871, proposed a thermometieose thermometric medium is a
metallic conductor whose resistance changes witipégature. The element platinum does
not oxidize at high temperatures and has a relgtivaiform change in resistance with

temperature over a large range.

The Platinum Resistance Thermometer is now wideBduas a thermoelectric thermometer

and covers the temperature range from about -260°1235° C.

Several temperatures were adopted as Primary nefergoints so as to define the
International Practical Temperature Scale of 1988 International Temperature Scale of
1990 was adopted by the International Committe®/efghts and Measures at its meeting in
1989. Between 0.65K and 5.0K, the temperature fimelk in terms of the vapor pressure -
temperature relations of the isotopes of heliumwigen 3.0K and the triple point of neon
(24.5561K) the temperature is defined by means lo¢laum gas thermometer. Between the
triple point of hydrogen (13.8033K) and the freggipoint of silver (961.78°K) the

temperature is defined by means of platinum resigtahermometers. Above the freezing

point of silver the temperature is defined in tewhthe Planck radiation law.

T. J. Seebeck, in 1826, discovered that when vafadifferent metals are fused at one end
and heated, a current flows from one to the othke electromotive force generated can be
guantitatively related to the temperature and hetheesystem can be used as a thermometer -
known as a thermocouple. The thermocouple is useddustry and many different metals

are used - platinum and platinum/rhodium, nickgbaolium and nickel-aluminum, for
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example. The National Institute of Standards anchmelogy (NIST) maintain databases for

standardizing thermometers.

For the measurement of very low temperatures, thgnetic susceptibility of a paramagnetic
substance is used as the thermometric physicaltiyualfor some substances, the magnetic
susceptibility varies inversely as the temperat@mgstals such as cerrous magnesium nitrate
and chromic potassium alum have been used to neetmumperatures down to 0.05 K; these
crystals are calibrated in the liquid helium rangeis diagram and the last illustration in this
text were taken from the Low Temperature Laboratétgisinki University of Technology's
picture archive. For these very low, and even lowemperatures, the thermometer is also the
mechanism for cooling. Several low-temperature fatasies conduct interesting applied and
theoretical research on how to reach the lowessiplestemperatures and how work at these

temperatures may find application.

Heat and Thermodynamics

Prior to the 19th century, it was believed that $kase of how hot or cold an object felt was
determined by how much "heat" it contained. Heas wavisioned as a liquid that flowed
from a hotter to a colder object; this weightleksdf was called "caloric”, and until the
writings of Joseph Black (1728-1799), no distinctiavas made between heat and
temperature. Black distinguished between the qtyanfcaloric) and the intensity

(temperature) of heat.

Benjamin Thomson, Count Rumford, published a paiperl798 entitled "an Inquiry
Concerning the Source of Heat which is Excited bgtien". Rumford had noticed the large
amount of heat generated when a cannon was drileddoubted that a material substance

was flowing into the cannon and concluded "it appaa me to be extremely difficult if not
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impossible to form any distinct idea of anythingpahle of being excited and communicated

in the manner the heat was excited and communicatbese experiments except motion."

But it was not until J. P. Joule published a dé&fiei paper in 1847 that the the caloric idea
was abandoned. Joule conclusively showed thatvi@sia form of energy. As a result of the
experiments of Rumford, Joule, and others, it wasnahstrated (explicitly stated by

Helmholtz in 1847), that the various forms of eryergn be transformed one into another.

When heat is transformed into any other form ofrgpeor when other forms of energy are
transformed into heat, the total amount of enetgga( plus other forms) in the system is

constant.

This is the first law of thermodynamics, the comaéipon of energy. To express it another
way: it is in no way possible either by mechani¢hErmal, chemical, or other means, to
obtain a perpetual motion machine; i.e., one thedtes its own energy (except in the fantasy

world of Maurits Escher's "Waterfall"!)

A second statement may also be made about how nescbperate. A steam engine uses a
source of heat to produce work. Is it possiblecimgletely convert the heat energy into work,
making it a 100% efficient machine? The answeroisbé found in the second law of

thermodynamics:

No cyclic machine can convert heat energy whollyp inther forms of energy. It is not
possible to construct a cyclic machine that dogking but withdraw heat energy and convert

it into mechanical energy.

The second law of thermodynamics implies the inrgbdity of certain processes - that of
converting all heat into mechanical energy, althougs possible to have a cyclic machine

that does nothing but convert mechanical energyhesat!
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Sadi Carnot (1796-1832) conducted theoretical studf the efficiencies of heat engines (a
machine which converts some of its heat into usefuk). He was trying to model the most
efficient heat engine possible. His theoretical kvgrovided the basis for practical
improvements in the steam engine and also laidfaedations of thermodynamics. He
described an ideal engine, called the Carnot entipaeis the most efficient way an engine

can be constructed. He showed that the efficiefisych an engine is given by

efficiency =1 - T"/T',

where the temperatures, T' and T" , are the hotcaidl "reservoirs” , respectively, between
which the machine operates. On this temperatule,sgdneat engine whose coldest reservoir
is zero degrees would operate with 100% efficiefidys is one definition of absolute zero,
and it can be shown to be identical to the absohetie® we discussed previously. The

temperature scale is called the absolute, the theynmamic, or the kelvin scale.

The way that the gas temperature scale and thendiignamic temperature scale are shown
to be identical is based on the microscopic intggiron of temperature, which postulates that
the macroscopic measurable quantity called temperas a result of the random motions of

the microscopic particles that make up a system.

The International Temperature Scale of 1990 (ITS-90

Since 1954 the unit of (thermodynamic) temperaha® been defined as the kelvin, and is the
fraction 1/273.16 of the thermodynamic temperatifréhe triple point of water. This is the
unique temperature and pressure at which the titrases of water (solid, liquid and vapour)
co-exist in equilibrium. It is fractionally highénan the melting point, being 0.01°C or 273.16
K. From this single point it is possible to generatthermodynamic temperature scale using

gas thermometers and radiation thermometers witiclirately obey known laws.
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Such experiments are not easy and are rarely domeood values have been established for
a series of fixed points: freezing points of puretahs at high temperatures and triple points of
gases at low temperatures. These are incorponatiedhie International Temperature Scale so
that standard platinum resistance thermometergadidtion thermometers can be calibrated
with excellent reproducibility. The National Phyaslid aboratory maintains the temperature
scale (currently the International Temperature &adl 1990, the ITS-90) in the UK, and
compares this with the ITS-90 maintained in othatiamal laboratories. In this way
temperature standards around the world can be aetyrequivalent, and all manner of

thermometers can be reliably calibrated for eveyydse.

Future of Thermometry

The international temperature community is workiogvards a redefinition of the kelvin.

This would be based on a fundamental constant wir@&nown as the Boltzmann constant.
The advantages of this is that the new definitiauld be freed from any physical artefact
(i.e. the triple point of water) and allow the ugeany appropriate thermodynamic method for

temperature measurement

3.4  The Kinetic Theory

This brief summary is abridged from a more detaitkkscussion to be found in Quinn's

"Temperature"

About the same time that thermodynamics was evgluiames Clerk Maxwell (1831-1879)
and Ludwig Boltzmann (1844-1906) developed a themscribing the way molecules moved
- molecular dynamics. The molecules that make ppréect gas move about, colliding with
each other like billiard balls and bouncing off theface of the container holding the gas.

The energy associated with motion is called Kin&tergy and this kinetic approach to the
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behaviour of ideal gases led to an interpretatibnth@ concept of temperature on a

microscopic scale.

The amount of kinetic energy each molecule has fisnation of its velocity; for the large
number of molecules in a gas (even at low pressthreje should be a range of velocities at
any instant of time. The magnitude of the velosite the various particles should vary
greatly - no two particles should be expected teelthe exact same velocity. Some may be
moving very fast; others, quite slowly. Maxwell falithat he could represent the distribution
of velocities statistically by a function known e Maxwellian distribution. The collisions
of the molecules with their container give risethe pressure of the gas. By considering the
average force exerted by the molecular collisiongh@ wall, Boltzmann was able to show
that the average kinetic energy of the molecules dieectly comparable to the measured
pressure, and the greater the average kinetic gnérg greater the pressure. From Boyles'
Law, we know that the pressure is directly promodl to the temperature; therefore, it was
shown that the kinetic energy of the moleculesteelalirectly to the temperature of the gas.
A simple relation holds for this: average kinetreesgy of molecules=3kT/2, where k is the
Boltzmann constant. Temperature is a measure otmleegy of thermal motion and, at a
temperature of zero, the energy reaches a mininguanfum mechanically, the zero-point

motion remains at 0 K).

In July, 1995, physicists in Boulder, Colo.achiewetmperature far lower than has ever been
produced before and created an entirely new stateatier predicted decades ago by Albert
Einstein and Satyendra Nath Bose. The press reteesgibes the nature of this experiment
and a full description of this phenomenon is désdiby the University of Colorado's BEC

Homepage.
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Dealing with a system which contained huge numizdérsnolecules requires a statistical
approach to the problem. About 1902, J. W. Gibb83911903) introduced statistical

mechanics with which he demonstrated how averayigeseof the properties of a system
could be predicted from an analysis of the mosbabte values of these properties found
from a large number of identical systems (calledeamsemble). Again, in the statistical
mechanical interpretation of thermodynamics, the/ kmrameter is identified with a

temperature which can be directly linked to therrttmdynamic temperature, with the

temperature of Maxwell's distribution, and with phexrfect gas law.

Temperature becomes a quantity definable eithderims of macroscopic thermodynamic
guantities such as heat and work, or, with equidlithsa and identical results, in terms of a
quantity which characterized the energy distribumong the particles in a system. (Quinn,

"Temperature")

A second mechanism of heat transport is illustréga pot of water set to boil on a stove -
hotter water closest to the flame will rise to mwkh cooler water near the top of the pot.

Convection involves the bodily movement of the memergetic molecules in a liquid or gas.

The third way that heat energy can be transfenreah fone body to another is by radiation;
this is the way that the sun warms the earth. Hadkation flows from the sun to the earth,

where some of it is absorbed, heating the surface.

A major dilemma in physics since the time of Newtess how to explain the nature of this

radiation

4.0 CONCLUSION

With this understanding of the concept of tempemtit is possible to explain how heat

(thermal energy) flows from one body to anotherefflal energy is carried by the molecules
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in the form of their motions and some of it, thrbugpolecular collisions, is transferred to
molecules of a second object when put in contatht wi This mechanism for transferring

thermal energy by contact is called conduction.

5.0 SUMMARY

A thermometer is an instrument that measures tmpdeature of a system in a quantitative
way. The easiest way to do this is to find a sulxstahaving a property that change in a

regular way with its temperature. The most dinegjular' way is a linear one:

t(x) =ax + b,

where t is the temperature of the substance andgelsaas the property x of the substance
changes. The constants a and b depend on the mtdbaiaed and may be evaluated by
specifying two temperature points on the scaleh 15c32° for the freezing point of water and

212° for its boiling point.

For example, the element mercury is liquid in t@perature range of -38.9° C to 356.7° C
(we'll discuss the Celsius ° C scale later). Agjaidl, mercury expands as it gets warmer, its

expansion rate is linear and can be accuratellpreadid.

6.0 TUTOR- MARKED ASSIGNMENT

1. With the aid of annotated diagram, describesantiometer

2. . List and explain type and classification adrthometer

3. What did you understand by kinetic theory

7.0 REFERENCES/FURTHER READINGS
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1.0 INTRODUCTION

2.0 AIMS AND OBJECTIVES
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3.1 EXAMINE THE VARIOUS TYPES OF PRECIPITATION

3.2 IDENTIFICATION OF MEASUREMENT AND
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UNIT 5: PRECIPITATION AND MEASUREMENT

1.0 Introduction

Water evaporates into the air from every wateraagfon Earth and from living things. This
water eventually returns to the surface as pretipit. Precipitation is any form of water that

falls from clouds and reaches Earth’s surface.

Precipitation always comes from clouds. But not @dbuds produce precipitation. For
precipitation to occur, cloud droplets or ice cajstmust grow heavy enough to fall through
the air. One way that cloud droplets grow is bylidmlg and combining with other cloud

droplets. As the droplets grow larger, they faltém and collect more and more small

droplets. Finally, the droplets become heavy endadhll out of the cloud as raindrops.

Precipitation varies across a range of space-tioades Larger space-scale variations
generally occur at longer time scales, and arecegted with correspondingly larger scale
phenomena in the atmosphere or ocean—atmospheeensyor example, scales of variability
within an individual convective storm may vary frametres and seconds to kilometres and
hours, while the EI Nin"o—Southern Oscillation (ED)Srelated scales of variability are

regional to hemispheric in extent and multi-yealeimgth (Daly, 1991).

However, these different scales are not unrelgbeecipitation within individual storms is
likely to be more intense and of longer durationewhENSO is causing a general
enhancement in precipitation across a region. |Ahake time and space scales, precipitation
is inherently more variable than other commonlyorggd climate variables, such as
temperature and pressure, with the result thatigtaton measurement and analysis are
more demanding. Overlying this variability of pngitation within the climate system is the

potential for secular changes in the intensity disttibution characteristics of precipitation.
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2.0 AIMS AND OBJECTIVES

1. Examine the various form of precipitation

2. ldentification of measurement and calibratiomicipitation

3. Factors that modify are precipitation amounts

3.1 Types of Precipitation

In warm parts of the world, precipitation is almasivays rain or drizzle. In colder regions,
precipitation may fall as snow or ice. Common typésprecipitation include rain, sleet,

freezing rain, hail, and snow.

Rain is the most common kind of precipitation imrdrops of water are called rain if they
are at least 0.5 millimeter in diameter. Preciptatmade up of smaller drops of water is

called mist or drizzle. Mist and,drizzle usuallyl faom stratus clouds.

Sleet Sometimes raindrops fall through a layeriobalow 0°C, the freezing point of water.
As they fall, the raindrops freeze into solid paes of ice. Ice particles smaller than 5

millimetres in diameter are called sleet.

Freezing Rain at other times raindrops falling tigio cold air near the ground do not freeze
in the air. Instead, the raindrops freeze when thagh a cold surface. This is called freezing
rain. In an ice storm, a smooth, thick layer of imelds up on every surface. The weight of
the ice may break tree branches onto power lirmssiog power failures. Freezing rain and

sleet can make sidewalks and roads slippery angedans

Hail Round pellets of ice larger than 5 millimeténsdiameter are called hailstones. Hail
forms only inside cumulonimbus clouds during thust@ms. A hailstone starts as an ice

pellet inside a cold region of a cloud. Strong @fidrin the cloud carry the hailstone up and
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down through the cold region many times. Each tthme hailstone goes through the cold

region, a new layer of ice forms around the hailstdeventually the hailstone becomes heavy
enough to fall to the ground. If you cut a hailgtaon half, you can often see shells of ice, like

the layers of an onion. Because hailstones can guate large before finally falling to the

ground, hail can cause tremendous damage to drajpdings, and vehicles.

Snow often form water vapour in a cloud is conwkrtirectly into ice crystals called
snowflakes. Snowflakes have an endless numbeiffefet shapes and patterns, all with six
sides or branches. Snowflakes often join togethterlarger clumps of snow in which the six-

sided crystals are hard to see.

3.2 Identification of Measurement and Calibration d Precipitation

Gauges that measure precipitation at a point reiti@rmost common approach to ground-
based measurement. Although radar observations Ieveed to supplant gauges by
providing a real estimate directly, the gauge remahe ultimate reference and is the only
measurement method available in many regions of vibdd. Other forms of surface
observation include standard present-weather Gilessdins and more qualitative historic
documentary records, such as wet day counts (CdnaslaMetcalfe, 1995; Rodrigo et al.,
1995, 1999; Kastellet et al., 1998; Pfister et B999). The first rain gauge in Europe was
developed by Richard Townley in Burnley, Lancashine 1677. Even earlier gauge
measurements are believed to have occurred in Kevkare the Japanese used a type of
gauge to determine the annual rice tax each reghonld pay. However, analyses of these
data are considered unreliable as many Koreansaplplunderstood the tax system and

modified the amounts in the ‘gauges’ accordingly.

Gauge design (often called ombrometers in eaiieed) varied considerably across Europe

until some form of standardization came in the laiteeteenth century (Middleton, 1953,
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1965). Developments were largely dependent on tdimegime, with Russian, Scandinavian
and Canadian scientists emphasizing designs theimizeed snow catch, particularly during
strong winds. Other countries realized that cat@s \wigher if the gauge was located at
ground level rather than 1-2 m above the grouné. Mhin result of these developments has
been that nearly all long-term records of prectptaare not homogeneous, exhibiting trends
and/or discontinuities attributable to design clean(see Section 2.2). It has been estimated
that at least 250000 different precipitation gaulgage been established globally by various

meteorological and hydrological agencies over #s¢ few decades (Groisman and Legates,

1995).

Precipitation is ‘any liquid or solid aqueous dep&®m the atmosphere’. This includes rain,
drizzle, snow, ice, hail, diamond dust, snow gragmow pellets, ice pellets, rime, glaze, frost
and dew, and any deposit from fog. The term ‘raistead of ‘precipitation’ will be used here

for simplicity.

There are generally two types of rain gauge — titeraatic, which makes a record of the
time a known sized container is filled and emptiedand the storage, which collects and
stores the rain for later measurement. The coggayad-base and Snowdon are examples of
storage gauges, though increasing use is also bbe#olg of stainless steel. The notes below

concern mainly storage gauges.

Make sure the amount of rain collected is not iaseel by condensation, splash-in, or

flooding, and is not decreased by evaporation desilsplash-out.

Occasionally test the funnel for leaks by placingnib over the tube end and pouring water
into the funnel. Or trap air in the funnel with yaghumb while lowering it upside down into a

bucket of water — air will escape through
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Measurements from storage gauges Manually-readegadiiy measurements should be made
as close as possible to 10 a.m. during British Semhme or 9 a.m. for the rest of the year,
unless you have an alternative arrangement, oragewnable to make the measurement for

some reason.

Always note the date and time of your reading.olfityreading is not at your usual time, make

a note of why not.

If you provide values weekly instead of daily, makee you do them on the same day each
week and on Daily read the 1st of each month. Mgrghuge readings should be done on the

1st of each month.

Make sure you use the measure that is appropoatgolir size of rain gauge — commonly a
tapered 10 mm measure for daily-read gauges, bbdlse 50 mm measure for Octapents or

large Bradfords

Methodology of Measuring Liquid Precipitation

» Carefully lift the funnel out of the base of thénrgauge.

» Lift out the collection bottle.

» Carefully pour the water into the rain measurdahére is too much for the measure,
pour in less than a full measure each time, wridrdeach value, then add them all
up to get the total.

» Then empty each amount into a spare containeptatehe process to check the total.

» Carefully replace the empty bottle and put the @iroack into it.

» For accuracy, read the measure with the water créd your eye level and the
measure vertical, held between thumb and firstefing

» You can check the measure is vertical by making et the scales on both sides of

the measure are lined up as you look through thesg|
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Measuring a trace

There is a continuous ring below the 0.1 mm markhanrain measure. This shows the limit

of a trace.
If the rain amount is exactly on or above that mgdur reading should be 0.1 mm.

Record a trace when the amount is below that marid (you are sure this is from

precipitation since your last measurement).

Also, record a trace if there have been a few spbtain, drizzle, etc. since your last reading

but the bottle is dry.

If you know the weather has been dry since yourriading, do not record droplets left over

from your previous measurement as a trace.
Take care to consider if there has been dew ot, fansl make a note if there was.

Method of Measuring Heavy rain

» To get more information about heavy rain in shogtigds, you can measure the
rainfall as soon as it stops.

» Put the rain back into the bottle so that the meating is not affected.

» Note the start/stop times of the rain. If it isniag heavily through the day, check that
the gauge won’t overflow by taking a reading aratdrding the water.

» Remember to add the amount to the next routine unesEnt.

» Measuring liquid equivalent of solid precipitation

» Always try to note the type of precipitation — whet it is snow, ice pellets, hail, etc.
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Slight falls

» If precipitation is not falling, take the funneldollecting bottle indoors to melt the
snow.

» Keep the funnel covered while the snow is meltmgrevent evaporation.

How to Measure Snow

If snow is falling, you can either:

 pour in a measured amount of warm water (buthodt as it may crack the bottle) to melt

the snow. Measure the total then subtract the atadumarm water you poured in;

» or wrap a cloth dipped in hot water around th&lé@nd funnel to melt the snow and then
measure it in the usual way. Make sure water froendloth does not get into the bottle or

freeze the cloth to the funnel.

Moderate or heavy falls

Measurement can be complicated because wind ed@ig<arry snow over or blow it out of
the  gauge, or even lift lying snow and blowntb the gauge. Sometimes the gauge may be
completely buried in snow. However, your readinge w@ery important, particularly for

assessing the risk of flooding if the snow thawiskjy.

If there was no snow lying when you made your presireading, take a sample of the (level,

undrifted) snow by pressing the inverted funndhaf gauge downwards through the snow.

Take this sample indoors to melt it and measurevter.

It is a good idea to make three readings like tgsit is often difficult to find a representative
sample of snow. Take each sample about a metré apdureport the average of these three
samples.

137



(b) If snow was lying when you made your previoeading, you need to be able to measure
the fresh snow that has fallen since. You can dohi placing a board onto and flush with
the old snow. Sweep the board clean after measthagsnow on it, by taking a funnel
sample as in (a), and then replace the board, resdgiter measurements. You may wish to

mark the place of the board with a thin cane sogaufind it under new snow.

If the gauge becomes covered with snow, make aurgagnt as soon as you can and clear

the gauge to continue collecting. Add this measer@ro your next routine reading.

Solid and liquid precipitation between readings

Extra care is needed if a mixture of rain and sias fallen. If it is a slight fall of snow,

follow the guidelines for slight falls.

If the fall is moderate or heavy, then follow th@idglines for moderate or heavy falls. Don’t
forget any liquid precipitation in the bottle andike a note of the amount from melting, if

possible.

Do not throw away snow or hail in the funnel whemuynake a measurement — melt it and

add it to the bottle to be measured in the usugl wa

If measurement is not possible, leave the snowerfunnel to melt in its own time, but please
note this on the relevant form (Rainfall data oO&2) along with the reason, such as the

examples below.

snow filling funnel — no more snow can enter
snow being blown out of funnel, even if not full

drifting or blowing snow being deposited in funnel

vV V VvV V

gauge covered by snow due to heavy falls or dgftin
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Measuring the depth of frozen precipitation

This includes snow, hail and ice pellets.

If, at the time of your observation, the groundresgntative of the station is covered by snow

or other solid precipitation, then the depth shdddneasured and reported.

Measure the depth in centimetres using a ruler weittically in a location free from drifting

or scouring by wind.

Choose a location as near as possible to the eigey Ideally, take three measurements at

different places and report the average of these.

You must ensure that the ruler is either adaptece&nl zero at ground level or you take
account of the length of the short gap betweeretttkof the ruler and the zero mark, when

you make your measurement.

Make sure your ruler does not pierce the grasstloeragground surface beneath the frozen

precipitation, as this will give a false reading.

Average annual precipitation is a vital piece afmeltic data - one that is recorded through a
variety of methods. Precipitation (which is mosteoonly rainfall but also includes snow,
hail, sleet, and other forms of water falling t@ tround) is measured in units over a given
time period. In the United States, precipitatiocasnmonly represented in inches per 24-hour
period. This means that if one inch of rain fellair24-hour period and water wasn't absorbed
by the ground nor did it flow downhill, after theoem there would be a layer of one inch of

water covering the ground.

The low-tech method of measuring rainfall is to assntainer with a flat bottom and straight

sides (such as a cylinder coffee can). While aeeotfan will help you determine whether a
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storm dropped one or two inches of rain, it's diffi to measure small amounts of

precipitation.

A tipping bucket electronically records precipitation a rotating drum or electronically. It
has a funnel, like a simple rain gauge, but thenélileads to two tiny "buckets." The two
buckets are balanced (somewhat like a see-sawgartdholds .01 inch of water. When one
bucket fills, it tips down and is emptied while tbther bucket fills with rain water. Each tip

of the buckets causes the device to record anaseref .01 inch of rain.

Snowfall is measured in two ways. The first is m@e measurement of the snow on the
ground with a stick marked with units of measurem@ike a yardstick). The second
measurement determines the equivalent amount adrvilta unit of snow. To obtain this
ratio, the snow must be collected and melted inaiew Generally, 10 inches of snow
produces one inch of water. However, it can takéoup0 inches of loose, fluffy snow though

as little as 2-4 inches of wet, compact snow caayee an inch of water.

Wind, buildings, trees, topography, and other fexcttan modify the amount of precipitation
that falls so rainfall and snowfall tend to be mead away from obstructions. A thirty-year
average of annual precipitation is used to detezntite average annual precipitation for a

specific place.

Determining and recording the average annual pitatign is very important and for a

meteorologist it is a vital piece of climatic dat@here are several methods used by
meteorologists to measure precipitation. Precipiais generally rainfall, but is also includes
snow, sleet, hail, and other types of water thiéd fa the ground. It is measured over a given

period of time in units.

Precipitation measurement is typically represemed24-hour period in inches. This means

that if an inch of rain fell within a 24-hour pedi@f time and the ground didn't absorb the
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water, or the water didn't flow down a hill, afeeistorm has occurred there would be a one-

inch layer of water covering the ground.

Low-Tech Measuring Method

To measure precipitation using a low-tech methog, would use a flat-bottom container that
has straight sides, such as a coffee cans thatimgligcal in shape. With this method small
amounts of precipitation are difficult to measurat it can help to determine if a storm lead
to one to two inches of precipitation being droppEdis method to measure precipitation is

typically only used to measure rainfall.

Rain Gauges

Rain gauges are an instrument used to measurgpadon that has wide openings at the top.
The rain that falls will be funneled into a narrembe that is one-tenth the diameter of the
gauges top. Since the funnel is less narrow thartuhe, the measurement units are further
apart than on a ruler making it possible for exaetaisuring to the one-hundredth of an inch. It

is known as a trace of rain, when less than .0l afcain drops to the ground.

Tipping Bucket

This instrument used to measure precipitation @cqrecipitation electronically or on a
rotating drum. Like a simple rain gauge, it hasuankl, but on a tipping bucket, two tiny
buckets are what the funnel leads to. The two lingkets each hold .01 inch of water and
they are balanced, similar to how a sea-saw batawben there is a person on each end. A
tipping bucket tips down, when one bucket fillsgdhen it is emptied while the other bucket
fills up with rain water. Every time the bucketg,tithis precipitation measurement tool

records a .01 inch increase in rain.

Measuring Snow
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There are two different precipitation measuremeathmds used to measure snow. The first
instrument is similar to a yardstick and it is medkwith the measurement units. It is used to
measure snow that has already fallen to the grolinel.second tool to measure snow is used
to measure how much water a unit of snow contdihs. snow has to be collected and then
melted into water in order to obtain this ratio. rrost cases, one inch of water will be
produced by ten inches of snow. However, if thewsns fluffy and lose it can take
approximately thirty inches of snow to produce #ane amount of water as two to four

inches of snow that is compact and wet.

3.3 Factors that Modify Precipitation Amounts

Certain factors can modify precipitation amounts;hsas buildings, topography, wind, and
trees. Because of this, precipitation, such as &alband rainfall, are measured in areas that
are free of obstructions. To determine the anntedipitation for a specific area, a thirty-year

annual precipitation average is used.

Precipitation is all liquid and solid products o&ter that are deposited from the atmosphere
on the ground, and is generally caught by predipitagauges at a point. If a spatial scale
looking for is expanded, it is effective that margcipitation gauges are installed in the area
or precipitation of the area is estimated usingara&urther, in the case that precipitation is
expanded to a grid scale, the estimation usingdlitageis effective. Since the amount of

precipitation using radar and satellites is neagssa compare with that of precipitation

gauges, the precipitation measured by the pretipitagauges is fundamental and important

values.

However, it has been recognized widely so far thatige-measured precipitation has
systematic errors mainly caused by wind-inducedewraich, wetting and evaporationmm

losses and that the error of snowfall observatiomigh wind speeds is very large. Since
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many types of precipitation gauges are used inwbdd at present [Sevruk and Klemm,
1989], the different types are measuring differprecipitation amounts, respectively [e.g.,
Goodison et. al., 1981. From a viewpoint of acairptecipitation data set for better
understanding of the water cycle and providing therthe modeling activities, we should not
neglect this scientific issue. In order to test geeformance of precipitation gauges and to
adjust the precipitation measurements, the Worldebt®logical Organization (WMO)

initiated international precipitation measuremeréicomparisons

40 CONCLUSION

Precipitation is ‘any liquid or solid aqueous dep&®m the atmosphere’. This includes rain,
drizzle, snow, ice, hail, diamond dust, snow gragmow pellets, ice pellets, rime, glaze, frost
and dew, and any deposit from fog. The term ‘raistead of ‘precipitation’ will be used here

for simplicity

5.0SUMMARY

Weather observers use more sophisticated instrigm&nbwn as rain gauges and tipping
buckets to more precisely measure precipitationn auges have wide openings at the top
for rainfall. The rain falls and is funneled intaarrow tube, one-tenth the diameter of the top
of the gauge. Since the tube is thinner than thetdhe funnel, the units of measurement are
further apart than they would be on a ruler anadipeemeasuring to the one-hundredth (1/100
or .01) of an inch is possible. When less thanin@h of rain falls, that amount is known as a

"trace" of rain.

6.0 TUTOR- MARKED ASSIGNMENT

1. Compare and contrast the basic method of mewmgslimuid and solid precipitation

2. List and explain the various types of precijpitat
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MODULE 3
UNIT 1 TROPICAL CLIMATE

CONTENTS
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3.1 Approaches to Climate Classification
3.2 What is Tropical Climate?
3.3 Characteristics of Tropical Climates
3.4  Other Climate Types

4.0 Conclusion

5.0 Summary

6.0 References / Further Readings

1.0 INTRODUCTION

Any of the approaches to climate classification germoal, genetic, or applied) might be
employed logically to identify patterns of climathange, but far less is known about the
nature and causes of climates in the distant past those of the present. This system for
organising climatic types is designed to facilitatee explanatory description of world
climates. It follows the approach of Koppen, retylmeavily on temperature and precipitation,
their seasonal regimes, and (on land) the respohseatural vegetation as criteria for
subdivision.

2.0 OBJECTIVES
By the end of this unit, students should be ahle to

* Explain different approaches to climate classifaad
» Define Tropical Humid climate, and other climatpdy
» Explain climatic characteristics of tropical clirmand other climatic types

3.0 MAIN BODY

3.1 Approaches to Climate Classification:Climate classification has three interrelated
objectives: (a) to bring order to large quantitadsinformation, (b) to speed retrieval of

information, and (c) to facilitate communicatiohid concerned with organization of climatic

data in such a way that both descriptive and aicalygeneralizations can be made, and it
attempts to store information in an orderly manfwegreasy reference and communication,
often in the form of maps.
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Thus, in the design of a climatic classification st®uld begin by defining the purpose. There
are three fundamental approaches to climatic ¢leason. (1) empirical, (2) genetic, and (3)
applied. Together they constitute a classificatibolassifications, but the features of all three
may be incorporated into a single system.

Empirical classifications are based on the observable features of climatgshwmay be
treated singly or in combination to establish cidtdor climatic types. Temperature criteria,
for example, might yield “hot”, “warm”, “cool’”’, and “cold climates, each of which can be
defined in terms of strict mathematical limits. H@ad moisture factors, have dominated

empirical classification, but all elements are m@mly significant for one purpose or another.

Genetic classification attempts to organize climates according to thairses. Ideally, the
criteria employed in the differentiation of climattypes should reflect their origins if
climatology is to be explanatory as well as desis#p In practice, however, explanations are
often theoretical, incomplete, and difficult to gtify. Genetic classification also is subject to
theoretical biases, a system based on causes ternugpetuate faulty or over-generalized
theories. A common genetic approach attempts tondigsh the relative continentality or
maritimity (sometimes termed oceanity) of a climalie practice, indices to express the
influences of land of water surfaces have beenrahted from various empirical data,
mainly temperature, precipitation, wind, and aiss&equency.

Applied (also known as technical or functional) classifications of climate assist in the
solution of specialized problems that involve omemmre climatic factors. They define class
limits in terms of the effects of climate on othl@renomena. Outstanding among modern
attempts at climatic classification are those thatk a systematic relationship between
climatic factors and the world pattern of vegetatiblatural vegetation integrates certain
effects of climate better than any instrument thed so far been designed, and it is thus an
index of climatic conditions.

There have been diverse opinions on what shoulthiddasis for climate classification. The
climate of any area is not created by a single atiecnelement, but by the distinctive
combination and interrelation of several element®e many variations of climate from place
to place as determined by different combinations dimatic controls produce a

correspondingly large number of climatic types. Each type of climatic, certain important
common characteristics are recognized, and theableenhe vast amount of climatic data
available on the surface of the earth to be groupeggther, so that some distributional
patterns become apparent.

However, it is generally agreed that four main basvisions can be recognized. These are (a)
the tropical humid climates (b) the middle latitddemid climates (c) the arid climate and (d)
the polar and arctic climates. In the discussidrag follow, it is only the description of the
characteristics of the tropical humid climatesiiseg

3.2 What is Tropical humid (KOPPEN'S ‘A’) Climates

The definition of the term tropical humid climate a problem for which there is no
completely acceptable solution. The term, humidfbagxample been defined in many ways
depending upon the context in which it is used. Tssnies need to be resolved. The first one
is that of the length of seasonality before a atais classified as humid. The second one
relates to the basis for delimiting the boundari€ne of the most widely used system of
classification in its original form or with modiftions is that of Wladimir Koppen (1846 —
1940), a German biologist who devoted most of ifiestd climatic problems. Koppen aimed
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at a scheme which would relate climate to vegetatot would provide an objective,
numerical basis for defining climate types in teraisclimatic elements. Kuchler in 1961
employed vegetation as a criteria for delimitinge thumid tropics and defines humid
tropicality as optimum conditions for plant growtbrganic productivity, agriculture and
forestry. B. J. Garnier in the same year, usedathinemperature and vapour pressure as his
criteria. Instead of temperature and precipitatwinich were employed by Koppen, the
concepts of precipitation effectiveness and tentpezaefficiency were introduced by
Thornthwaite in his 1931 classification. In detammg his climatic types, Thornthwaite,
therefore used empirical approach, noting vegetasoil and drainage pattern in relation to
climatic characteristics.

3.3 Characteristics of Tropical Climates

The tropical humid climates experience high temipees with a mean of about %7
throughout the year. They lie in low latitudes néeg equator, covering between the equator
and 8 or 6 north or south of the equator. They are also gdigerathe belt of Intertropical
Convergence and the trade winds which originatbersubtropical high pressure cells around
latitude 30N or S, and flow towards the equator. The locaiiothe low latitudes implies that
the area is characterized by all year abundanaesofation.

3.1.1 Tropical Rainy Climate: Tropical rainy climates are located on lowlandsoomear the
equator. They are also found on tropical coastsoseg to trade winds and backed by
highlands. The climate is dominated by the preseicplentiful rainfall, well distributed
throughout the year, and by temperatures whichhagh with small diurnal ranges. The
ranges are in the vicinity o°8o 10C around an average daily temperature §fta28C.
Temperature conditions are remarkably steady amg litde from day to day or month to
month. The intertropical convergence zone domin#iesgreater part of the tropical rainy
climates.

3.3.2 Tropical Dry climates: These climates constitute a direct contrast toi¢ebprainy
climates. We have called them ‘dry’ because chargstically have too little rainfall at any
time of the year to sustain much vegetation. Threy iadeed the great tropical deserts of the
world. They coincide with the zone dominated withbtsopical high pressure cells. The
principal areas covered by this climatic type aréhie northern part of Africa (the Sahara and
Somalia), the west coast of southern Africa, pdrisauth-eastern Asia, from Arabia to
Pakistan, and in both North and South America. @ltih described ‘dry’, these climates do
have precipitations at atimes.

3.4 Other Climate Types

Middle Latitude Humid climates. The most distinguishing characteristic of the meaddl
latitude humid climates is the lack of constanttieahe tropics and the constant cold of the
polar areas

Polar and Arctic climates. In the polar climate mean monthly temperaturesaireelow GC

and vegetation is entirely lacking. Snow, ice, arrbn rock covers such areas. The polar
climate and the associated icecaps predominaternsest of Greenland, the permanent ice of
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the Arctic Ocean, and Antarctica. The lowest maamual temperatures are those of the polar
icecaps on Greenland and Antarctica. Monthly mearthe polar summers are well below
freezing in spite of the continuous daylight. Wistén the polar climates are colder still;
monthly means range from -ZD to less than - 6&. Diurnal variations of temperature are
small throughout the year in polar climates. In san they decrease generally toward the
poles, where the change in altitude of the sumdute day is least.

Arid Climates. The classification of arid and semi-arid climapgssents one of the most
difficult climatological problems. The two most comnly employed parameters in the
literature are temperature and precipitation. EXeampf the definitions of the concept are
those by Koppen and Thornthwaite in their respectiimatic classifications. Of the many
indices developed for defining aridity, none is gbately satisfactory. They all express the
idea of excess of potential evapotranspiration atewloss over precipitation. The semi-arid
types are essentially a transition zone from they iy regions to the bordering moister
climates. In contrast to the semi-arid climatks, arid climates are located in the core areas
of the regions of air subsidence, divergence ampégature inversion, which are opposed to
the development of fronts or atmospheric disturkbarhich might give rainfall. The tropical
arid and semi-arid climates are centred approxipate the latitudes 20to 25 N and S,
where the controlling air masses are those whidfside in the subtropical highs. The arid
and semi-arid climates of the middle latitudes pawihy result from their location deep into
the interior of the continents, and thus, far reetb¥rom the oceans, which are primary
sources of atmospheric moisture (ie, the prinagpaltrol of the middle latitude deserts is their
location in the continents far removed from the dward coasts). The dry climates of the
middle latitudes differ from the tropical arid asemi-arid climates in two important respects.
(a) average temperatures are lower and (b) migratinds and pressure systems are not the
chief controlling factors. The tropical arid andmserid area, an important temperature
characteristic is the large annual range, a reéfleadf continental location. In common with
the tropical arid and semi-arid climates, the medidititude arid and semi-arid climates are
characterized by low precipitation, usually lowearn 500 mm for the semi-arid climates and
less than 250 mm for the completely arid climates.

Exercise 1.1

1. What are the objectives of climate classifiga®io

2. Explain the different approaches to climate sifasation
3. Write a short note on Tropical humid climate

4.0 SUMMARY

This unit has within its limit defined and explath&opical humid climate and the different
approaches to climatic classifications. Apart fremplaining the characteristics of tropical
humid climate, other climate types and their chirstics were also identified as middle
latitude humid climate, polar and arctic climatedarid climate.

5.0 References / Further Readings
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UNIT 2: WEATHER AND CLIMATIC HAZARDS IN THE TROPICS
CONTENTS

1.0 Introduction
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3.1 Characteristics of Weather Hazards inbgids
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1.0 INTRODUCTION

Sometimes people make daily adjustments to thegth@rweather, they also face decisions
involving climate when planning a vacation or whbkay contemplate a change of residence
for any reason, be it improved economic or sodius, retirement, health, or climate itself.
Human perception of climate and its hazards embr#uee criteria of cause, magnitude, time
and duration, spatial arrangement, uncertainty, @esdiltant effects. Many weather and
climatic hazards are linked to major natural disastThe nature of the hazards may vary
from country to country, but their implications society remain a common factor. The
characteristics of weather hazards in the tropmgehbeen explained and recent examples
given in the passage.

2.0 OBJECTIVES
By the end of this unit, students should be ahle to
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» Explain characteristics of weather hazards in thgits
* Explain characteristics of climate hazards in theits
* Mention some weather and climate hazards in th@dso
* Know the consequences of changes in our futureatéim

3.0 MAIN BODY
3.1 Weather and Climatic Hazards in the Tropics

Characteristics of Weather hazards in the tropics

Although tropical weather have other features simib those of mid-latitudes storms, they
generally do not exhibit sharp discontinuities efmperature. Many have weak pressure
gradients and lack well defined-wind systems. Esites) shallow lows occasionally bring
long periods of overcast weather with continuous.rim the intertropical convergence there
may be convective activity and thunderstorms, thalest and most frequent type of tropical
disturbance. Convergence tends to increase wheeqtegorial trough of low pressure moves
poleward in summer, producing bands of cumulonimtlaads and high overcasts of cirrus.
A common feature of tropical weather is the eagterave, which normally forms in the
convergent flow of trade winds and moves slowlynfreast to west. Squally weather and
precipitation frequently accompany such a distuckaisome easterly waves move poleward
and curve toward the east to become extratropigelboes. Others may develop vortices,
become tropical cyclones, and even grow to huradatensity. The violent and destructive
forms of tropical cyclones are much better knowantthe weaker variety although the former
are, fortunately, much less common. They origimater the tropical oceans only. In the
Caribbean and off the Pacific Coast of Mexico thegy known as hurricanes; in the seas off
China, the Philippines, Japan, and the other islaold western Pacific they are called
typhoons; in the Indian Oceans they are simplyedatlyclones, a term which should not be
confused with cyclones in general. In the Southdéemisphere they occur east of the African
coast and along the northwest and northeast cbaststralia.

Some Weather Hazards

Recent weather hazards of the last few decades Iese rather conspicuous to such an
extent that the whole world is expressing the Jilest a major global climate change is going
on. It has become aware of the increasing degretewdstation and insecurity to lives and
property by weather hazards and the resultant itagacthe socio-economic development of
nations. Records show that weather hazards date fb@n history. The existence of such
hazards as droughts, desertification, storms, #pbéat waves, global warming, hurricanes,
acid rains, erosion etc are very rampant and raxas, the last couple of years, become one of
the world’s major topical subjects. In the Unitetht8s and the Caribbean for example,
several thousand lives and property have beenimosite past through the occurrence of
hurricanes and tornadoes. On the other hand, thages of tropical storms in India,
Bangladesh and Pakistan are still annual events tsae sweeping away whole villages and
destroying crop-lands. In recent years, severegiiohas affected countries in sub-saharan
Africa; Sudan, Madagascar, Mozambique, Comoros, rMas, Reunion, Seychelles, and
China have been hit by worst flooding many times.

3.2 Characteristics of Climatic Hazards in the tropcs

Climate and its variability also affect many aspeat socio economic development and can
take on the form of a meteorological hazard. Inadsfrand elsewhere, an appraisal of climate
as a natural resource is important, especially hés tesource may now be subject to
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significant change. Projected global climate chathge to the so called “"greenhouse effect”
would be an unprecedented event in the history whdn civilization. Its magnitude is
comparable only with changes on a geological ticees and its rate is going to be much
swifter than that of any past natural long ternmeliic fluctuations. It is this rate of change
that makes us consider future climate change aszarth, since ecological and socio-
economic systems would find it difficult to adaptit without serious implications.

Expected changes in Climatic Hazards

Future climate change is very often referred ttenms of climate warming. Indeed, changes
in atmospheric concentration of ‘greenhouse gase§€HGS (Carbon dioxide and other trace
gases) would lead to warming near the Earth’s saréand in the troposphere. It is generally
agreed that the global mean surface temperaturénbesased by 0%to 0.7C since 1860,
when instrumental records began. Certainly marnerometeorological and hydrological
variables will change. There may be changes iroradiclimate patterns, global atmospheric
circulation, and sea level. This can lead to changdrequency, magnitude and location of
such hazardous phenomena as floods, storms andhdsosea level rise associated with this
warming, which is estimated to be between 20 tac@¥@vill constitute a very serious hazard
for many islands and low lying coastal areas, aapigan the topics.

Exercise 1.1
1. What are the characteristics of weather hazartte tropics?
2. What are the consequences of changes in redidnad climate patterns?
3. (a) Enumerate some major weather hazards ittdpies
(b) Explain, how some major weather eventslead to hazards in the tropics

4.0 Summary

This unit has within its limit explained the chaexestics of weather and climatic hazards in
the tropics. Some tropical weather hazards hawe lzd®en mentioned in the passage. Also
explained are the consequences of the regionakfagtimate changes in the tropics.
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1.0 INTRODUCTION

Human health, energy, and comfort are affected rgredimate than by any other element of
the physical environment. Physiological functiorighee human body respond to changes in
the weather, and the incidence of certain diseasges with climate and the seasons. Our
selection of amounts and types of food and clotlailsg tends to reflect weather and climate.
The state of the atmosphere even influences outainand emotional outlook. Among the
climatic elements that affect the human body, tleeemmportant are temperature, sunshine,
and humidity. The human body maintains a balant&d®n incoming and outgoing heat by
means of the chemical process of metabolism and phgsiological processes of
thermoregulation in response to external factorsadfation, temperature, moisture, and air
movement.

2.0 OBJECTIVES
By the end of this unit, students should be ahle to

« Explain what is physiological comfort

* Explain climate and human comfort

e Mention some aspects of human physiology

« Know the basic principles of physiological climaigy

3.0 MAIN BODY

3.1 What is physiological comfort?

Physiology is the science of the normal functiorisliang things, especially animals.
Therefore, physiological comfort simply refers toetnormal functions of living things,
(plants and animals). Human health and comfort sstgg@nother possible approach to
defining climatic types, with potential applicat®m clothing design, housing, physiology
and medicine. In much the same way that heat anstune data are used to determine critical
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boundaries for natural vegetation or crops, optinamnd limiting values of climatic elements
afford a basis for classification in terms of huma&sponse. Everyone is aware that the
reaction of the body to a given air temperaturecasditioned by wind, humidity, and
sunshine. An individual’'s state of health, emotionatlook, type of clothing, degree of
acclimation, and a host of other factors also mflce personal reaction to climate. On the
other hand, C@is essential for life on earth. Plants, througbtplynthetic processes, take up
CO, and produce oxygen in the presence of sunlightetty synthesizing organic compounds
from inorganic raw materials and becoming fooddtbrer organisms.

3.2 Climate and human comfort

In considering climate and human comfort we ardinigavith an application of climatology
which looks at climatic conditions from the viewpbbf their effects on or relationship with
human beings. Such a study is often known as ploggaal climatology or human
bioclimatology. Most of us are aware of feelingfeliént on different days. Very often this is
due to the weather. People find some days exhitgraind stimulating: others too hot or too
humid or too cold for comfort.

Some aspects of human physiology: Human beinggorm part of a general group of living
organisms known as homeotherms. This term is usedthiose organisms that have a
mechanism for regulating their internal body terapate so as to keep it at the correct level
for healthy operation in changing atmospheric oviremmental conditions. Homeotherms
contrast in this respect with organisms known agilptherms (a lizard is an example of a
poikilotherm) have no internal regulating process &ave to conform to the conditions of
their surroundings. Human beings produce inteneal through the chemical breakdown of
carbohydrates and the food they eat. The procekaasn as metabolism and the rate at
which it generates heat is known as metabolic r&eery homeotherm has an ideal internal
body temperature at which the rate of chemical asstibn is at such a level that the
organism does not have to deal with too great mygsein its rate of chemical combustion.

3.3 Basic principles of physiological climatology

1. Metabolic heat production: One principle is to recognize the importance dfoaicas a
producer of heat in a human being. Different atiésiaffect a person’s metabolic rate. Some
examples are sleeping, sitting, typing, standiicg et

2. Clothing insulation: There is insulation provided by the clothes. la éxample of an ideal
comfort, the person considered was wearing lighthels.

3. Heat exchange with environmentThere is exchange of heat between a human beohg an
the surrounding conditions. Heat loss has been shmwoccur by three main physical
processes: radiation, convection and evaporatidinthfee depend on a gradient, either of
temperature or humidity, between a human beingl@durroundings.

Exercise 1.1

1. What is physiological comfort?

2. Explain the concept of climate and human comfort

3. Discuss some aspects of human physiology

4. Critically examine the basic principles of ptojegical climatology

4.0 Summary
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This unit has within its limit explained what a piglogical comfort is. The passage also
examined critically the effects of climatic eleme@nd human comfort. In much the same
way as animals, man reacts unconsciously in b8 fiasponses to favourable or unfavourable
microclimatic conditions. Conscious direction ofcnaiclimatic conditions extends to the
control of the plants and animals that provide rsbument for men, and to their own lives,
homes, and work. An individual’s state of heaétmotional outlook, type of clothing, degree
of acclimation, and a host of other factors aldtuence personal reaction to climate. Also
explained are some aspects of human physiologyeXample, those organisms that have a
mechanism for regulating their internal body terapate so as to keep it at the correct level
for healthy operation in changing atmospheric orir@mmental conditions. Finally, the basic
principles of physiological climatology are alsdroduced.
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Module 4
UNIT 1 CLIMATE AND URBAN PLANNING IN THE TROPICS
CONTENTS
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2.0 Objectives

3.0 Main Body
3.1 Man and Microclimate
3.2 Climate and Urban planning in ttogics
3.3 City Climates

4.0 Conclusion

5.0 Summary

6.0 References / Further Readings

1.0 INTRODUCTION

Climate is an active factor in the physical enviremt of all living things. Its influences on
human welfare range from the immediate effects ehter events to complex responses
associated with climatic change. City populatiores expanding by natural increase and also
because of urban migration. The increase of pojpulan cities is accompanied by an
expansion of buildings for accommodation and adsprbvide for industrial and commercial
exploitation. The process of urbanization producegor and fundamental changes to the
surface and atmospheric properties of the areahwtas been urbanized.

2.0 OBJECTIVES
By the end of this unit, students should be ahle to

* Understand man and microclimate
* Explain Climate and Urban Planning in the tropics
* Know the characteristics of City Climates

3.0 MAIN BODY

3.1 Man and Microclimate

Micro-climate is the climate of smaller regions néd@ ground where nearly all biological
entities on earth are affected by the spatial antporal variations of temperature, humidity,
radiation and other climatic factors.

In much the same way as animals, man reacts unoos$sc in his first responses to
favourable or unfavourable microclimatic conditioMen are also forever creating new kinds
of microclimate. Every building constructed disgadhe original climate of its site, creating
a warm, sunny, and dry climate with a southern syp®on one hand, and a shady, cold, and
damp northern climate on the other. Industrial wogke shrouded with thick haze which
alters the whole radiation economy. Replacemerh@foriginal order of creation by the all-
encompassing economic order ordained by man mdiasges in the general climate of a
country as well, and the measures adopted to futlieeadvancement of industry are, in a
long-term view, by no means always such that tHeg &avour the advancement of life.
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History has taught us more than once that incrgasibanization has brought in its train great
damage to the heat and water budgets of a landri3hef bringing about a deterioration of

climate by human intervention depends on the typdimate, and is greatest where plant life
is fighting for its existence because of a shortafgeater or heat.

3.2 Climate and urban planning in the tropics

As more and more people crowd into the world’sesitiit becomes increasingly important for
city planners and developers to ensure that cirescomfortable places to live in. One step
towards this is to recognize the contribution oimelte to this objective. It is true that most
cities have not been planned with climatic prinegpin mind. Urban expansion is taking place
in many areas; also redevelopment and construtiike place as city centres age and need
renewal. Such activity provides an opportunity fdimatic engineering’ to enter into the
urban development picture along with other consiti@ns. Heat island and pollution effects
rank high in the local climate produced by a ciGlimatic engineering’ should aim to reduce
to a minimum their adverse consequences.

In tropical cities it is especially important ty o reduce the additional heat stress produced
by urbanization. Planning in relation to naturaineltic conditions can help towards this end.
Many tropical cities are coastal. The sea breefsetetherefore, can be used to help ventilate
the city by day. Yet it is surprising how many higbe buildings line the seashore of tropical
cities, effectively blocking the sea-breeze fronolow the built-up area behind them. At
night outgoing longwave radiation and the effedta@cturnal air drainage may be used in a
cooling role. Few cities are designed to take advantage of this. To do so involves
radiation from vegetation, parks and water surfagbgh, unlike buildings, will not have
absorbed and stored large amounts of heat duriagddy. Moreover, the presence of
vegetation and parks within the city fabric willntobute notably to a reduction in the city
heating effect. The object of planning is to achidkie best possible outcome. It involves
making appropriate land-use decisions backed upappropriate environmental policies.
Climatologists can contribute through the data tpegvide. They can also contribute by
emphasizing the benefits that can be achieved bygrezing and putting into practice the
principles of climatic science in the field of urbdevelopment and growth.

3.3 City Climates

The total transformation of natural landscape ihtses, streets, squares, great public
building buildings, skyscrapers, and industrialtafiations has brought about changes of
climate in the region of large cities. The bas@&sen for the differences found in city climate
is the alteration of the heat and the water bud@éts is caused by natural ground becoming
largely replaced by stone, from which precipitateater is quickly lost, and because the
roughness of the surface has been increased hyrésence of buildings. In addition, heat is
supplied by domestic and industrial fires, and Ifipecity air is rich in dust stirred up by
traffic, and in exhaust fumes from vehicles, fromed, and from industrial works. Cities
concentrate people and their activities in smaleaar thereby providing excellent
opportunities to examine cultural modificationsctimate. Urban areas also differ from their
rural counterparts in surface materials, surfa@es, and heat and moisture sources. In turn
these affect radiation, visibility, temperaturendj humidity, cloudiness, and precipitation.
Concentrations of pollutants in the air above @ cieate an urban aerosol, which attenuates
insolation, especially when the sun angle is Iovemperatures normally are highest near the
city centre and decline gradually toward the sububeyond which there is a steep downward
temperature gradient at the rural margin. Owinght blanketing effect of pollutants on the
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radiation budget, diurnal ranges of temperature lass in urban areas than over the
countryside.

Exercise 1.1
1. How has man influenced the microclimatic faciarkis environment?
2. What are the necessary climatic requirementarizain planning in the tropics?
3. (a) Examine the extent of modification of Cityrate by man.
(b) How does the urban climate differ fromriisal counterpart?
4. What are the climatic characteristics of an nrb@a?

4.0 Summary

This unit has within its limit explained the retaiship between man and the microclimate.
Replacement of the original order of creation b thl-encompassing economic order
ordained by man makes changes in the general eiofad country as well, and the measures
adopted to further the advancement of industryiare,long-term view, by no means always

such that they also favour the advancement of izt island and pollution effects rank high

in the local climate produced by a city. Planningelation to natural climatic conditions can

help towards this end.
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2.0 INTRODUCTION

Daily synoptic streamline charts show many feawrhich are absent from mean annual or
monthly charts. This is due to the smoothing whickcurs when average values are taken.
The synoptic systems found on daily charts inclual@ous types of eddies or vortices, wave
patterns and convergence zones. These may be assowiith convergence and divergence.
Ascent or descent of the air takes place, resulinmpany different types of weather on a
synoptic scale. These, in turn are modified by lleffects in the various localities. The most
vigorous tropical disturbances are the intensearyclstorms that form over warm tropical
waters.

2.0 OBJECTIVES
By the end of this unit, students should be ahle to

» Define a tropical disturbance
» Identify some of the synoptic systems associated the tropical disturbances
* Know where and how the disturbances are locatedaeather chart

3.0 MAIN BODY

3.1 What is Tropical Disturbance?

We shall use the term tropical disturbance to dlescany feature of the circulation which
disturbs the basic tropical air currents. Unlikee tmid-latitude depressions, tropical
disturbances are rarely frontal. They vary widetgading to their location, and there are
many different systems of classification. The mosinmonly recognized are: (a) Wave
disturbances (b) Monsoon depressions (c) Linearedsmns (including line squalls or other
equatorial trough disturbances) and (d) CyclonesGytlonic vortices

Wave disturbances: These are troughs developed in the trade wamds$ in the equatorial
easterlies. They are unlike depressions, beingslyatletectable in the surface pressure field,
but form a closed low pressure area in the middigasphere. They are sometimes referred to
as tropical streamlines. The origin of the phenamneis rather difficult to trace. Possible
causes include weak trade-wind inversions whichd tem disturb the pressure and wind
systems, and the penetration of cold fronts in® [dw latitudes. A sequence of weather
conditions usually occur with the passage of theaees. In the ridge a head of the trough,
fine weather with scattered cumulus cloud and stwmee occur. Close to the trough are
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cumulus clouds, occasional showers and poor vigibiFinally, behind the trough, the wind
veers in the direction, heavy cumulus and cumulbrisnclouds form with moderate to heavy
thundery showers, temperatures decrease and tharmgeineral clearing of the air. This is very
similar to the passage of mid-latitude depressions.

Monsoon DepressionThese are weak cyclones which occur in many pastadroceanic and
continental tropics. They are most prominent oartisern Asia in the mid-summer, when
the equatorial low pressure is extended to thetls@ntinent. They also happen in West
Africa and Central America. They move westwardtnorsy easterly air stream around 8,000
— 10,000m (25,000 to 30,000 feet) above the grosmdace. There are various types
depending on the intensity of the development.

Linear Depressions: These comprise line squalls, linear depressionsgoatorial rough
disturbances and are another variant of the wealowigz weather common in the tropical
regions. They are associated mainly with a trougbw pressure at the surface. They happen
in the region where trade winds converge, causingagor building of tropical cumulus
clouds. The weather pattern associated with lisgatems is often traced to the break up of
the trade wind system into small cyclones which enfrom east to west. These cyclones
form disturbance lines which are very importantsesuof rainfall particularly in West Africa.

Tropical cyclones: These are the violent disturbances termed hueigam the Atlantic and
eastern Pacific, typhoons in the western pacifid eyclones or hurricanes in other areas of
occurrence. Unlike the middle latitude depressidmsy are found only at certain seasons in
certain regions of the tropics. The life cycle ofr@pical cyclone averages 6 days from the
time of their inception until they enter land amrdurve into the middle latitudes. The regions
of formation are normally characterized by high pematures and high water vapour content.
The first sign of the development of a tropical lope is a pressure drop accompanied by a
wind circulation which is clockwise in the northenemisphere and anti-clockwise in the
south. After some days, the pressure in the cairsps more rapidly and the winds get
stronger. The wind rises to gale force over a ceedusea; the clouds get thicker and lower
finally forming dense nimbostratus with continugas1. At maturity, the surface pressure at
the centre of the cyclone no longer falls and thedwspeeds no longer increase. Many
hurricanes sometimes break out of the tropics theomiddle latitudes and thus recurving
poleward and subsequently eastward into the béltsesterlies. Alternatively, others may
move over the land and dissipate quickly within thapics, particularly in areas where the
convective rains generally cool the air in the lmwvels. The centre of the tropical cyclone
known as the eye is usually a region with diameseying from 16 and 32 km (10 and 20
miles) at the surface, and widening upwards to 860wr even 80 km at a height of about 10
km.

3.2 Location of tropical disturbances on a weathemap

Daily synoptic streamline charts for tropical reggosometimes indicate more complex
patterns than those found on mean annual or moaoltasts. Various types of eddies, indrafts,
outdrafts, wave patterns, convergence zones, etbedocated. Particular attention needs to
be given to areas of convergence and divergencas@mnt or descent of the air in those
regions can lead to many different types of weatimethe synoptic scale. In many localities
local effects, such as topography or differentieting, may accentuate these developments.
In the absence of tropical disturbances, the syoaptarts would consist of more or less
smooth straight streamlines with no variations indixspeed.
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Exercise 1.1

1. Mention some the tropical disturbances you kao@ describe any two.

2. Describe the characteristics of a tropical ayelo

3. Explain how some physical processes can leath@oformation of different types of
weather on a synoptic scale.

4.0 Summary

This unit has within its limit explained what a proal disturbance is all about. The various

types of tropical disturbances have been mentiaat discussed in the passage. Some
synoptic systems associated with the tropical distaces have been mentioned. The synoptic
systems found on daily charts include various typlesddies or vortices, wave patterns and

convergence zones. The most vigorous tropical diahces are the intense cyclonic storms
that form over warm tropical waters.
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1.0 INTRODUCTION

There is perhaps no other human activity which asenaffected by weather than agriculture.
Weather and climate pervade every phase of agm@llactivity. No doubt, crop growth
depends on its genetic constitution, but it ise¢hgironmental condition of soil and climate,
which affects crop in all its phenological staged altimately determines its yield. It will be
obvious that meteorological expertise and advice oeske a valuable contribution to
decisions in agricultural management and practogh on climatological-strategic matters
and on actual weather applications for tacticalisiess. Too often the agricultural
community has to ask for raw weather data sereebgetanalysed by agrospecialists without
much real meteorological insight, because the vegaghrvice is not providing the minimal
locally necessary amount of agro-climatologicalomiation. The weather service should
know and care about more operational applicatipeets of their data than is needed for
synoptics.

2.0 OBJECTIVES
By the end of this unit, students should be ahle to

« Define Agro-climatology
» Identify some of the agro-climatic data used inttioics
* Know the importance of agro-climatic classificason

3.0 MAIN BODY

3.1 What is Agro-Climatology?

Agro-climatology deals with the science for thedstof climatic features such as distribution
of wind speed, temperature, humidity etc, and facguch as energy and water balance
characteristics of underlying surfaces that infeeerthem. It deals with environmental
conditions of open surfaces, inside and above cropssts and other vegetation. The
climatic water balance provides, apart from aceapotranspiration, an assessment of water
surplus, water deficit and run-off. Climate andiagiture are closely linked.

Benefits of Agro-climatological studies:Apart from many applications of climatology and
weather forecast to current agricultural problergro-climatological studies can be of
considerable interest in three other fields.

1. Selection of the production sites for a giveopcIThis is because lack of detail knowledge
on plant-climate relationships has hampered iggetit planning of land use on a wider scale.

2. Climatic analysis for proper interpretation dadsults of agronomic experiments. A

comprehensive climatic analysis and documentatigth & limited number of field trials
would yield more practical information than a largember of trials without such analysis.
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3. Irrigation, row spacing, timing of fertilizer plication, variety selection and transplanting,
etc, can best be planned and implemented when diéwéhe light of appropriate climatic

analysis.
3.2 Types of agro-climatic information that is requred

(a) Air Temperatures
Temperature probabilities
Degree Days
Hours or days above or below selected teatpees
Interdiurnal variability
Maximum and Minimum temperature statistics
Growing season statistics (onset and cespati

(b) Precipitation
Probability of specified amount during a pédri
Number of days with specified amounts of i&tion
Probabilities of thunderstorms, hail
Probability of extreme precipitation amounts

(c) wind
Wind rose (frequency distribution per direatisector of 30or 45 width)
Average wind speed (hourly, daily)
Maximum wind (average and gust)
Diurnal variation
Hours of wind less than selected speed

(d) Sky cover, sunshine, radiation
Percentage of possible sunshine
Number of clear, overcast, scattered, avd Fe
Amounts of global and downward IR radiation

(e) Humidity
Probability of specified relative humidity
Duration of specified threshold exceedasfdeumidity

() Free water evaporation
Total amount
Diurnal variation of evaporation
Relative dryness of air
Evapotranspiration

(9) Dew
Duration and amount of dew
Diurnal variation of dew
Association of dew with vegetative wetting
Probability of dew formation with season

(h) Soil temperature
Mean and standard deviation at standard depth
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Depth of frost penetration
Probability of occurrence of specified temgteres at standard depths
Dates when thresholds values of temperdgeenination, vegetation) are reached

(i) Soil moisture
Mean value at standard depth

Plants and crop microclimate: development and growth of plants depend on enmsorial
conditions at every stage. An understanding ofitberrelation between the structure of the
environment (ground cover, surface slope, degreshelter, etc) and the local microclimate,
in the crop and around the crop, may result inoastiaimed at the long-term improvement of
the growth situation. Even before planting, théuahce of the weather should be considered.
The quality of the seed sown depends on meteokabgonditions during the year in which
it was produced. The productivity of long-rotatiomops, e.g, vines, fruit and forest trees, can
also be affected by weather experienced over maesyiqus seasons. Post-harvesting
operations, such as drying grass and other ceopkthe capacity to maintain the quality of
stored farm crops are affected by seasonal weattheather and climate are important in the
occurrence of forest, bush and grass fires, ana/kaulge of them is important for the defence
against such hazards.

3.3 Agro-climatic classification

The saying that farmers learn to live within thmitations of their local conditions through
trials and errors over generations, is no longengetely true. It is now evident, that deriving
maximum benefit from agriculture and silviculturalls for an in depth knowledge of agro-
climatic conditions, without which the most effeeticropping pattern and the development
of additional irrigation schemes, which are neededlifferent zones, cannot be planned.
Most of the earlier climatic classifications usezhetation as an index of climate. Starting at
the middle of the 2D century, a group of climatologists tried to deyeldimatic / agro-
climatic classifications, with a view to using thefior maximizing crop production. The
Moisture Availability Index (MAI) developed by Hampves is now well recognised in
agroclimatic classification. The index is the raté probabilistic rainfall and potential
evapotranspiration. Each country is expected t@ldgvits own regional classification based
on its climate types.

Exercise 1.1

1. What are the advantages of Agro-climatologitadies?

2. Why do farmers need Agro-climatological data

3. Enumerate some of the Agro-climatological infation required in farm planning

4.0 Summary

This unit has within its limit explained what agetmatology is all about. The passage has
been able to identify some of the agro-climaticadatat are used in the tropics. The benefits
of agro-climatological studies have also been empth Climatic analysis assumes a great
significance in nearly every phase of agricultuaativity, from the selection of sites to
agronomic experiments and from long term plannanddily operatins.
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